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PREFACE. 



In introducing the Eicliards Improved Steam- 
Engine Indicator, wc desii'c to call the attention of 
the numerous class who, as constructors, managers 
or owners, are interested in the steam-engine, to 
the advantages which it iJoasesses. In the follow- 
ing pages all necessary information is furnished 
concerning the instrument and its application, and 
auch instruction is given to those who are not td- 
ready skilled in the use of tho Indicator, as will en- 
able them to employ it to the best advantage. 

The Indicator was invented by Watt, For some 

time it was kept by him a secret, but became known 

before his death, and to its use, now quite general, 

. we are more indebted than to anj-thing else, for 

the degree of excellence which the steam-engine 

has attained. The employment of more rapid 

iJ" yelocities of piston, with higher pressm-es of steam, 

^Rtlid higher grades of expansion, which has become 

^^o extensive and promises ultimately to be oni- 

versal, has increased greatly the importance of tho 

* Indicator; since tliia is the only raeaiiB b» ■^e'^. 

_ Jaiown, by which the esgiaeec ean iteu4»i: \^oa^i- ^ 



familiar with the action of steam under these new 
conditions. Unfortunately, every form of this in- 
strmaent has hitherto failed in its application to 
emginea of this class. The long and tremulous 
spring used in them was put in a state of violent 
oscillation by the momentum of the piston and 
attached parts, and the result was a serrated 
figure, from wliich but little information could be 
extracted ; so that, after a time, attempts to 
employ the Indicator in this important and 
rapidly enlarging field were quite abandoned. 

X'nder these circumstances, the appearance at 
the Great Exhibition of 1862 of the improved form of 
thiaiustniment.inventedbyMr.CharlesB. Richards, 
an engineer of Hartford, Connecticut, U. S., may 
not improperly be regarded as an event of some 
importance. The action of this Indicator was 
found to be quite perfect, under the severest tests 
to which it could there be subjected, and recently 
it has been still more thoroughly tried, on an 
express engine on the London and South-Western 
Bail way, and its performance has more than real- 
ized the expectations formed of it. Two instru- 
ments, among the &rst manufactured by us, were 
employed, with which nearly two hundred dia- 
grams were taken, on a trip to Southampton and 
back, at pressures varying from 80 lbs. to 130 Ihs., 
at rates of motion varying fi'om the slowest up to 
260 revolutions per minute, giving a speed of 55 
miles per bom; and at all points of cut-off ; and 
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they were found uniformly to work with the same 
steadiness at the highest velocity as at the lowest, 
and at the earliest point of cut-off as at the latest. 
Copies of a few of the diagrams are here given. 

We do not claim for these Indicators superiority 
on engines running at high velocities only, though 
certainly it is there most apparent where others 
will not answer at all ; but we believe also, for 
reasons herein explained, that they will be found 
in practice to be the only coi^rect Indicators for en- 
gines running at any sj)eed, even the lowest. 

We have only to add, that no pains have been 
spared to attain, in the manufacture of these instru- 
ments, the highest degree of accuracy and excel- 
lence, and that if the directions here given are 
attended to, their indications may be implicitly re- 
lied on. 

Eluott Bbothebs. 
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The demand for an elementary treatise -on the 
Kicharda Steftm-Engine Indicator, together with 
the solicitation of professional friends, has induced , 
me to undertake the preparation of the work. 

The original and very excellent work of Mr. Por- 
ter, now out of print, being principally an illustra- 
tion of English engines and English practice, leaves 
room for a wori combining American engines and 
American practice. 

I have therefore used much of Mr. Porter's, and 
added new matter and new diagrams — the result 
of a large experience, extending over six years. 

The new diagrams introduced were, with one or 
I two exceptions, t^en by myself. 
I The diagrams taken November 14tb, 1867, from 
F the locomotive No. GO, built by the " Taunton Lo- 
comotive Works, " are believed to be the first ever 
token in this country from a locomotive when mak- 
ing a regular trip with an express train. 

It will be of interest to the American engineer 
to compare them with those from a 
motive, aa siown in the wort 
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In order to make the work more useful to the 
practical engineer, an Appendix has been added, 
containing various formulas, which, during an ex- 
perience of more than thirty years as a practical 
engineer, have been collected, but never before 
given to the public. The new rule to measure and 
compute diagrams (page 42), will be found a very 
expeditious and correct mode. The liabilities to 
error being reduced as ten to one. It was brought 
to my notice by Mr. Chas. E. Emery, engineer, New 
York City. It is now for the first time published, 
so far as I know. 

The prime object has been to give nothing that 
is not known by practical experience to be correct, 
also to give it in a way that will be understood by 
any one capable of filling the place of an engineer. 

F. W. Bacon. 
Boston, Octobery 1873, 



PREFACE TO THIRD EDITION. 



A THIRD edition of this work is called for, ■ 
showing that tbu Indicator is now being j 
appreoiated. Engineers are becoming educated in J 
|. its use ; it reveals to them many thinge which ihey J 
' thought they knew, but find they didn'l ; it has got ' 
the attention of engine constructors ; it has ius])ired 
the genius of the inventor and designer ; the s^)eed 
of the engine is increased, the immense ponderous 

IiBWB of matter formerly set in motion is lai'gely r&- 
dnced, space is economized, compounding is shown ' 
to be a succe:jH and a necessity, coal and water bills 
axe being reduced to a miniuuim. 
All these desirable things, it is safe to say, the 
teachings of the Indicator has not only rendered 
possible, but has accomplished dr/ado. 

k Still there is a wide margin yet to fill before its 
office is accomplished. 
Licreasing the speed of the eu^xift i«n^&0t«& ^ 
mprovetnent necessary in t\ie lii3L\catoic,'w'*ciOa. « 
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Supplement shows to have been admirably accom- 
plished by Mr. Thompson. 

The measurement and computation of diagrams 
heretofore was a long, tedious, and unsatisfactory 
work ; now the Planimeter has been produced, at a 
price that can be reached by all, it has reduced the 
time and labor to a few minutes, with the greatest 

accuracy. 

F. W. Bacon, M. E. 

No. 8 PeMbebton Squake, Boston. 
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THE NATURE AND CSE OF THE INDICATOK, 

The Steam-Engino Indicator is on ii^strunient 
designed to show the pressure of steam in the 
cylinder, at each point of the piston's stroke. It 
does this in the following manner : A pencil, 
moving np and down with the varying pressure of 
the steam, draws a line on paper, which has a 
motion backward and forward, coincident with 
that of the piston. The paper is placed on a 
drum, which, whilo the piston is advancing, is 
i caused to make about thi-ee-quartera of a revolu- 
I tion, by means of a cord connected with a Buitabla 
F part of the engine, and while the piston is rece- 
ding, ia brought back to its firat position by the 
reaction of a spring. The ipencW \'a aW^wJafti 'ws ^ 
amaJl piston, moving without iii<itio"Q. vti- o- c^Xi»-^^ 



I 



iO HKUAKim' »T£AH-£XGI5E IXDICATOIL. 

awl the motion of which is resisted by. a spring of 
krjowfi (elastic force. 

1'he pressure of the atmosphere is always on 
Hw. upper side of this piston, and when the com- 
mnnuititlon with the cylinder of the engine is 
iiU)Htitlf it is on the under side also; and if then 
th<? i/iotionless pencil be applied to the moving 
pttjKjr, jt will draw a line which is called the 
fitrriOMf>heric lino. When the communication is 
i)\)(itutd between the under side of this piston and 
ou<} end of the cylinder of the engine, the piston 
will ))e forcAid upward by the pressure of the 
Hteain, or downward by that of the atmosphere, 
liH tli(j Olio or the other preponderates ; and if 
now the pencil bo applied to the moving paper, it 
will doHcribo, during one revolution of the engine, 
a figures each point in the outline of which will 
«how, ))y its dintanco above or below the atmos- 
plmric lino, the pressure in that end of the cylin- 
il(»r, wh(Ui the piston was at the corresponding 
point of its forward or return stroke. The spring 
which roBists the motion of the Indicator piston 
in HO proportioned in strength that a change of 
p^•(^MMuro of one pound on the square inch shall 
4MVUM0 ih(< ptnicil to move up or down a certain 
fiMvntional ])art of an inch. 

TUo diagram thus described shows on inspection 
<hi» following particulars, viz., what proportion of 
thi^ boilor-pro8suro is obtained in the cylinder ; 
l\o\v oarlv in tho stroke the highest pressiu-e is 
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reached ; how well it is maintained ; at what point, 
aad at what pressure, the steam ia cut off ; whether 
■ it ia cat off sharply, ov in what degree it is wire- 
k drawn ; at what point, and at what pressui-e it is 
Vreleased ; in a non-condensing engine, whether it 
' ia freely discharged, or what proportion of it re- 
mains to exert a counter-pressure ; in a condens- 
ing engine, the amount of the vacuum, and how 
quietly, or how gradually it is obtained ; and in 
both classes of enginea, whether, before the com- 
mencement of the stroke, there is any compression 
of the Tapor remaining in the cyhnder, and if so, 
at what point it commences, and to how high a 
presBiire it rises. From the diagram, the mean 
pressure exerted during the stroke, to produce and 
' > resist the motion of the piston, may be ascer- 
ined, and thus the engineer may come to know 
iccnrately the amount of power required to over 
some the whole aggregate resistance on the engine, 
lad also, by taking sepai'ate dingranis for each, the 
(ower required by each of the several reaistancea 
r claeses of resistance separately.* He may en- 

* This we find of great nse wlien called to delermlne Ifia 
we often are1 the power used by tenants. The landlord lets 
power to his tenants ; it ia fixed at n given price par horBe- 
power. The question arises, hofv much the tenant does vae. 
This ia aocamtely detflnnined. The practice is this; Wetaka 
werol diagrams, one from each end of Hie cylinder, when 
,16 engine is doing all the work, noting tlie number of reTO- 
mKods being mnde when each pair is tiiken, ?S\Civi4 'Ctii«» 
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deavor also to ascertain tlie coust'M of the varioiia 
featiiree presented in the diagram, and thna to 
loarn the effect produced by this or that form ot 
iirrangement of parts, and to detect any iiuperfeo.^ 
tlon in their construction or action. 

It must be borne in miud, that the Indicate 
shows only the pressure at each point of 
stroke; to represent this faithfully is its sole ofiol 
It tells nothing about the causes which have c 
terrained the form of the figiu-e which it describea. 
The engineer concludes what these are, as the 
result of a process of reasoning, and this is the 
point where enrors are liable to be committed. 

be n diSeretice of speed of the engine during the time ol 
taking thoae dUgrams it ia uot^d on each pair, and aTraaged 
when worked up. 

ThOHo diDgroms and the result we mark "aSon ;" then we 
stop teniuit Ko. 1, throw off the belt that earriea his work, 
take u,y threu paira of diagrams, and work them up. Now, m 
much OH these ere lass thnn the average of those laJiea with 
"0^1 oil," so miioh-WD charge tenant No. 1, We then put hie 
belt on and proceed with tenant No. 2, and charge him in the 
ewnu mtinnar. Thus we proceed ivith alL In making up 
our nccoanta for each, and adding them, we find the aggre- 
gate will fall short of the groaa of "aii on." This is as it 
sboald be, from the well-knowa foct that the A-ictioo. of the 
engine and inlervening mochiner; decreases as the power 
mquired decreaaaa, and nice versa. 

This amount of decrease or increase, aa the case ma; be, 
we hare foand to varj from 5 per cent to 8 pec cent, de- 
pending on circnmstancea. Whatever it ma; be it ohould be 
charged to the tenant. 
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fakb seem obfioDS sometiines tora _ 
oat to have bun wrong, and the at»lity to form ui 
accor&te jadgment, as to the canses of the peca> 
li&rities presented in a diagram, is one of the 
highest attainments of an engineer. 

The variety of diagranis giren by differeiit en- 
gines, and by the same engine nnder different 
circmmstances, is endless; and there is perhaps 
nothing more instructive to the student of engi- 
neering, as there is nothing more interesting to 
the accomphshed engineer, than their careful and 
comprehensive study, with a knowledge of the mod- 
ifying circomstances under which each one was 
taken. Lines at first meaningless become full of 
meaning; that which scarcely arrested his atten- 
tion, comes to possess an absorbiug interest; he 
becomes acquainted with the innumerable Aariety 
of vicious forms, and loams the points aud degrees, 
as well as the causes, of their departure from the 
single perfect form; he becomes famihar with the 
effects produced by different constructionH and 
movements of parts, and competent to judge cor- 
ictly as to the performance of engines, and to 
".vise concerning changes, by which it may be 
-improved; he ceases to be a mere imitator of ma- 
terial shapes, and learns to strive after the highest 
excellence, and, at the same time, t<i conijirebcnd 
its conditions. No one at the present day can 
ijlaim to be a mechanical engineer who lian not 
le familiar with the use of the Indicator, and 
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ekilful in turniug to practical advantage the varie 
iaformution which it famiahes. 

This brief aummary of the uses of the Indicate 
would be incomplete without calling attention 1 
the importance of applying it to boilers, as a meai 
of testing the accuracy of the pressure-gauges, i 
to pumps, for the purpose of ascertaining the cauj 
of any inefficiency in their action, and also to t 
condenser and the air puinp of condensing r 

The diagram, No. 1, taken fi-om one of 
engineH of a well-known steamship,* is introdnct 
here to illustrate the action of the Indicator, s 
just described. 

The scale of the Indicator was twelve pounds ^ 
the inch. The line a b is the atmospheric line, aoj 
D the line of perfect vacuum. The hnea fori 
the outline of the diagram will be designated, E 
convenience of description, as follows: — 
The line fi-om a to b, the ad mission -line. 
It to c, the steam-line, 
(,' to d, the line or carve of expansiotS 
d to e, the exbaust-line. 
e to /, the line of counter-presaiire* 
/ to a, the corapresaion-bne. 



' The etigined from whicb the diRgraniia here employed ta 
lUastration were taken, will not be mentioned, except i; 
or thtw exceptional caaes ; the object of tMs pitper bfing, not 
to publish the compArSitiire performanca of diffeTent enginea. 
but to give iustruction to those who may require it'., in lh» usa 
fiftbe fiiitiottlor. 



i& ^> 



Titt ssesBirdmf iii«( sue :n. ii&rs gpc ic a. liCC 4S 
line imo les cinifcl ptn^w ui£ jusc 3r|]c Inn^ ^r%^x 

presRire exen#d d"urii:r libr snrrir\ ib? n-vX^t v>f 
doing wiiieh will W eTTiiar^pgd becvAfirir. TLi l;ue 
*^ g is the theoretical exjMkZtSMi v-^sttc driwii frvxii 
the point r. 

From an examimtkm of tins d:j^£rnun« wo iVHi- 
elude that the exhaust-p^rt wais coreied at tho |x>int 
/, of the return strake, and the xapor nt^niainii^^ in 
the cylinder was then compressed bv tho a^lvaiuv 
of the piston to a density, at tho eonimono^Mnont of 
the forward stroke, of about live pounils aWvt^ tht^ 
atmosphere. The port was then opouiHl for admis- 
sion, and the pressure instantly rose to foiirtoon 
and a half pounds above the atmosphoro. Tho 
port being opened wider and wider, this pn^sHiiri^ 
was maintained behind the advancing piston to \\u\ 
point c, at which it began to fall» at lirst vim'v 
slowly, from the gradual closing of th(^ port, h^, (ht> 
cut-off valve. The point at whi(^h th(^ ]>ori wart 
covered cannot be identified. It waH cortiiinl)^, how 
ever, far beyond the point c, and Htriotly th<i nUmtu 
line continues to the point of cut-ofl*, hownvnr IJui 
pressure may tall before that \>o\u\. vh vv^wXwwXx KV 
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the point d, the pressure had fallen by expansion ta 
two pounds above the atmosphere. Here the valve 
began to open communication with the condenser, 
and before the piston commenced ita retiim stroke 
th(! pressure on this side of it fell to nearly ten 
pounds below the atmosphere, and almost imme- 
diately after a vacuum of twelve pounds was formed ; 
and when the return stroke was two-thirds aceom- 
plished, the counter-pressure suddenly fell half a 
pound lower, and this vacuum, was maintained 
until the eshaust-port was closed at the point _/^. 
We shall refer to tbis diagram again, when on the 
subjects of calculating the power of the engine fi'om 
the diagram, and of working steam expansively. 



OF TRUTH IN THE DIAGRAM. 



ti3 



It is, of course, of the first importance that 
diagram given by the Indicator shall be true, 
Ganses of error appear at every point, and the de- 
gree of falsity arising from theiu increases greatly 
with an increase in the rate of revolution of tho 
engine. It is not poesible to be too critical in using 
the Indicator, especially at high speeds; the en-ors 
we are not conscious of are tho ones sure to mis- 
lead us. 

The Conditionx of a correct Diagram are — 1st, 
that the movements of the paper shall coincide ex- 
actly with those of the piston -, and, ^n.d^th.o.'t iW 



■ that the 













aecmstey but m xaaK«r;iidi^<tf V9^>. jt^^ %vNi^i>N^iiis 
and itB i^e^t^ jcuMd ^.^ rlh^ xsi: <W \n>^^nv. 
and other attad^d paitSw a»a 1 W x^>$'I;m^xV i>\\\^>\9^^ 
which theea rnusi uotin ivi VHvV'^r lh;iit tW >^\\l\>^ 
tions may be on a acal^ of ^utKiou^^xt ^^\iv^^\n1>^^^ 
render it impossible to obtain ftviw t^^V|^i^>^^l^ \\\\^^*\\ 
run at any oonsiderablo H^fM^^^ \\{\\\ nuv ^^y^w of 
Indicator hitherto in UMo, ilii^^mmM wh(olH«iut \\\\\\\\^ 
any claim to aocuraoy. 

THE iu(;iiAUim tniiinmnH 
U eonttneteA on a plan I// ^UUiU )i M hHH^I ihitt 
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grams are obtained under all oircumatancea. Tho 
principal distinguishing features of tbig instrument . 
are a short and strong spring, a short motion of 
piston and light reciprocating parts, combined witU 
a considerable area of cylinder, and ( 
ment of levers and a parallel motion, for multiply- 
ing tho motion of the piston iu such a manner that 
the diagram is described in the usual way and of 
the ordinary size. Tho proportion between, thrf 
motion of the piston and that of the pencil i 
matter of discretion; that which has been adopted 
is 1 to 4, and the steadiness with which the indica- 
tion is drawn by these instruments, even at thfl 
highest speeds of piston, leaves nothing to be de* 
Bired. 

The diagrams numbered 2, 3, 4, 5, are fair e 

pies of a large number taken from the locomotive 

" Eagle," on the London and South-Western Bail* 

I way, in April, 1863. In three of them, the pencS 

|, was held to the paper during a number of revolB- 

tions i iu diagram No. 5 it passed over the pape) 

I only once and a haK. They are introduced here tc 

> show the correct action of the instrument; we shali 

have occasion to consider them also as illustrationi 

f of working steam expansively. 

t General Conslruclwn of Ike Indicator. — The parafe 

' lei motion is made as compact as possible. ~ 

this purpose, a lever of the third order is employe 

ed to multiply the motion, and the exixeTtti^ea oS 



the lioe drawn by the pencil are permitted to h*T» 
a sli^t curvature, wbich considerably reduces the 
length of the rods, and does not affect the nse- 
fnlness of the instrument, the cnrratnre at the 
lower end being below any attainable vgcuum, 
while the extremity of the scale above is very 
rarely employed. 

The Indicators are made of a imiform size; thft 
area of the cylinder 19 one-half of a sqnoro inch, 
its diameter being .7979 of an inch. The piston ia 
not fitted quite steam-tight, but is permitted to leak 
B. little; this renders its action more nearly diction- 
less, and does not at all afTect the preseure on 
either side of it. The motion of the piston is f) of 
on inch, and the motion of the pencil, or extreme 
height of the diagram, is 3J inches. The paper cyl- 
inder is 2 inches in diameter, and the length of the 
diagram may be 5J inches, if tins extent of motion 
ia given to the cord. The dingram is drawn by a 
pointed brass wire on metallic paper. This is a 
great improvement over the pencil ; the point lusts 
a long time, cannot be broken off, and is readily 
sharpened, and the diagram is indelible.* The 
Bteam-passage has two or three times the area ttsu- 

* We have nsed the motallio peiicil with tho preparad ma- 
tdlio paper. It worfas well, but the difficulty or procniinK It, 
together with ita high cHiet, Tendera it objeotinnsble^ We om 
heavy, tuuized paper with a Faber Mo. 4 pencil 1 w« uicoMd 
g good, di8tiDi:t dia^fraios, with linea sofflcientli An* 
■e enrrecti}: 



1 
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Aejabonld not be smaller than bait an inchui 
■^MMttfttr, and fire-^igbtfas in the bends, and as 
«hort and direct as possible. Anj engineer can 
MBtisf/ faimaeU with ibis iostrumeDt tbat each inch 
of pipe occaaiona a perceptible fitll of preasnie 
between the engine and the Indicator, varying ac- 
cording to ita nze and unmber of bends and the 
■peed of the piaton. Diagrams have been known 
to show, from this caoae alone, forty per cent, lea 
preiMnre than was actoallv in the cylinder. 

Wliere In connect Ihe Indicator . — On vertical cylin- 
4uni, for the apper end, the Indicator-cock is 
OM/Ulj screwed into the cover, where the oil-cup 
it Mt, thia being removed for the purpose. For 
tbe lowi-r end, it ia necessary to drill into the side 
of the cylinder, at a convenient point in fbe space 
bctiTMm the cylinder bottom and the piston, when 
on thif (Centre, and screw in a short bent pipe, with 
* mirivA on tbo end to receive the Indicator-cock. 
The Indii^ator mm be osed in a horizontal position; 
tint it will bo funnd much more convenient to pot 
in a hont pipe, and set it vertical. Sometimes it 
will b« ueceiiMary to drill In the side of the cylinder 
at the upper end alao, especially in double -cylinder 
huviii|{ parallel motions, when the Indicator 
«annotgiirioral]yhe net on the covers. Cure must be 
taken that the piston does not cover the hole when 
on the centra No putty ia necessary to make 
tbeee small joints, and it sboold never be nsed, as 
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is liable to clog the inBtrnmeut. If the screw fits 
Ooaely, a few threads of cotton wound round the 
«m will prevent the escape of steam. Objections- 
re sometimes made to drilling a, cylinder or it* 
eads, for the reason that the borings as the drill 
asses through will be left in the cylinder and 
kely to scratch it; this, with a little management, 
m be wholly prevented, by letting a little ateani 
a as the drill enters, which will blow it outwards. 
On horizontal engines, tlte best place for the 
idicator is on the top or upper Hide, at each end; 
it cannot bo placed there, bent pipes may be 
Srewed into the covers or into the side of thf 
rlinder. In other respects follow the directions 
LTCE for vertical engines. The Indicator should 
BTer bo set to communicate with the thorough- 
ires. The current of stnam past the end of the 
ipe or the hole reduceu the pressure in the instrn- 
lent, and the liiagraui given is utterly worthless,. 
) any engineer can readily ascertain by making 
le experiment. On oscillating cylinders care must 
^D6 t^ca to set the instrument in such a position 
that the motion of the cylinder will not have the 
eSeot to throw the pencil to and from the paper. 
The stopcock being screwed firmly to its place,. 
the Indicator down to its seat, turning it (o 
most convenient position, and make it fast by 
the coupling; then move the guiding pid- 
to their proper position to receive the cord, 
the instrument is in rearlineas for nse. 
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ally given to it. The stem of the Indicator ia coni- 
cal, and fits in a corresponding seat in the etop- 
cock, where it is held by a peculiftr coupling, shown 
in section in the accompanying cnt of the Indica- 
tor. This arrangement permits the Indicator to 
be turned round, eo as to stand in any desired po- 
sition, when, the coupling being turned forward, 
the difference in the pitch of the screws draws the 
cone firmly into its seat; and when the coupling is 
turned backward, the cone is by the same means 
started from its seat. Tb.e leading pulleys may be 
turned by some pressure, to give any desired direc- 
tion to the cord, and will remain where they are 
set. By these means the Indicator can be readily 
attached in almost any situation. 

Tlie Spriiigg. — In order to adapt this Indicator 
for use on engines of every class, springs are made 
for it to 4 different scales, as follows : h 

i. lo the inoh. 3GlbB.I^| 



No 


16, 


n-hicli is 


gradttated Ifi 


So 


ao, 




2( 


■No 


30, 


'• 


3C 


No 


40, 




40 



All the above will also indicate 15 lbs. below the 
atmospheric line. 
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IIEACnCii DIRECTIONS FOE APPLYING AND 
TAKING CARE OF THE INDICATOB. 



I. OF ATTACHING THE INDICATOR. 



practicable, diagrams should be taken 
from each end of the cylinder. The asauinptiou 
commonly made, that if the valves are set equal, 
the diagram from one end will be like that from 
the other, will be shown by thia instrument to be 
erroneous. Thia is owing to the difference in the 
speed of the piston at (he opposite ends of the 
cylinder, which is, at the outer end of a direct- 
actiiig engine, fi-om one-sixth to one-third gi'eatev 
than at the crank end, the difference varying ac- 
cording to the degree of angular vibration of the 
connecting rod. In eide-lever, or beam -engines, 
those proportions are reversed, and the speed of 
the piston is greater at the upper end of the cylin- 
der. Often, also, there is a difference in the 
lengths of the thoroughfares, and in the lead, or 
the amount of opening, or the point of closing ; 
and many times the valves are supposed to be cor- 
rectly set when this Indicator will show that they 
are not. These, and many other causes, will make 
difference in the diagrams obtained from the op- 
Ite Bides of the piston. 

J'yjes to be avoided. — The Indicator should be 
fixed close to the cylindei', especially on eugines 
ynaiang at high speeds. I£ pipes ^am^, >sfe -oaai. 
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saue iis tliat of the connecting-rod. This mil be 
found generally a troublesoine matter; and the en- 
gineer will probably prefer in moat casea to disre- 
gard the error resiUting from its omisBion — which 
ie, that the motion of the paper will bo more near- 
ly equal at the two ends of the stroke, being dower 
than that of the piston at the one end, and faster 
at the other. The crank or pin fi-om which thft 
ogrd receives its motion must be on its centre re- 
latively to the direction of the cord, whatever that 
direction may be, precisely when the crank of the 
engine is on its centre. If this requirement ia not 
carefnlly attended to, the diagram will be worth- 
Generally, on horizontal engines, the motion of 
the paper ie taken from tbe cross-head. In an 
engine-room, a strip of boai'd may be suspended 
from the ceiling, or carried off horizontally in such 
a manner as to permit it to swing backward and 
forward edgeways by the side of the guides, and 
motion may be given to it by a pin, secured firmly 
to the crosa-head, and projecting through n slot in 
the board, in which it should fit nicely to prevent 
lost time on the centres. To save diilling and 
defacing the cross-head to insert a pin, we nae a 
clamp made fast to the cross-head ur some of its 
appendages by a set screw ; a projecting pin plays 
in a slot in the board, or if preferred, a short con- 
necting rod may bo used to make the connection. 
The board must hang plumb when the piston ia in 
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the middle of ite stroke, or if horizontal at riglit 
siigloB. The cord may be connected to this 
stanp of board at a point eufliciently near to its 
point of suspension to give the required reduction 
of motion for the paper, and must be led off in a 
horizontal direction, and then over one or more 
pulleys in any required direction to the Indicator. 
At high speeds, however, pulleys should be avoided. 
On portable engines, the motion may be attained in 
the manner just described, the lever swinging from 
o, pin supported in a standard about two feet in 
height, set on one of the guide-bars. 

On locomotives having outside connections, the 
motion mast be taken from the cross-head. It ia 
indispensably necessary to use only a short direct 
«ord, free from elasticity, and connected to a point 
the motion of which is reduced from that of the 
«r08B-head by positive means. Care must be taken 
also so to proportion the parts employed for this 
purpose, that the point at which the cord is con- 
nected shall have a positive motion without any 
fling, a matter not by any means free from difBcnlty 
at 250 revolutions per minute. A rock-shaft, 
turning in bushings, supported by two angle iron 
standards, precisely over the mid-position of that 
point of the cross-head from which the motion is 
derired, affords perhaps the best means of redu- 
' the motion. A long-arm is worked by the 
B-head and a short-arm gives motion to the 
wd, Theshort-arm must be ke'yedisisaclB-a.V^ 



1 
I 





I 



sition that whea the piston is in the middle of ita 
stroke it will stnnd at right angles with the direc- 
tion of the cord, whatever that may be. The di- 
rection of the cord may form any necessary angle 
with the horizontal line, bnt must be at right 
angles with the rock-shaft. 

On locomotives having inside connections, and 
a single pair of driving-wheels, whore it is practi- 
cable, it will be found to be the better way to take 
the motion from a pin set in the end of the shaft, 
and to communicate it by a. connecting-rod to a 
point convenient for attaching the cord. The parts 
should be all substantially made; the momentum of 
the connecting-rod will be perfectly resisted by the 
pin. 

On oscillating engines, the motion may be taken 
torn the brasses at the end of the piston-rod. If 
the stroke is long, it is sometimes difficult to re- 
duce this motion to that required for the paper, and 
in such cases it is necessaiy to take the motion 
from on eccentric on the main shaft, to a point as 
near as possible to tho tninnion, and thence to 
commnnicate it to the Indicator. In all these con- 
nectiona, it ia of the hrst consequence that there bo 
no lost time, which will require to be made np on 
every centre, and will thus cause the paper to stand 
still while the piston ia moving. 

Pulleys of different diameters on the same spin- 
dle have often been used aa a means of reducing 
the motion from that of the cross-head, but we do 
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not recommend them ; at high speeds it in very 
difficult to make them answer. The experience of 
the careful operator will teach him to guard against 
the various causes of error here mentioned, and 
others which will arise in the great diversity of situ- 
ations in which the Indicator is used, oud the 
effects of which are the more mischievous because 
often the diagram itself furnishes no means of de- 
tecting them. The mathematician will perceive 
that perfect accuracy of motion ia attained by only 
a very few of the methods here suggested. Most 
of them are only approximately accurate, but they 
are tho best which can be readily employed, and 
the errors which they iji,volve are too shght to be 
of practice momait. ■ For the professional engi- 
neer, of course, directions are unaiecessary. 



Zb Jix the Paper. — Take the outea: cylinder oS 
from the instrument, secure the lower edge of the 
paper, near the comer, by one spring, then bend 
the paper round the cylinder, and insert the other 
comer between the springs. The paper should be 
long enough to let each end project at least half an 
inch between the Bpringa. Take the two project- 
ing ends with tho thumb and finger, and draw the 
paper down, taking care that it Ues quite smooth 
and tight, and that the corners Come fairly together, 
and replace the cylinder. 




To conneiH Che iJord, — The Indicator having been 
attached, and the correct motion obtained for the 
(tmm, and the paper fixed, the nest thing is to see 
that the cord is of the proper length to bring the 
diagram in its right place on the paper — -that is, 
midway between the springs which hold the paper 
nn the drum. In order to connect and discoiinect 
readily, the short cord on the Indicator is furnished 
with ft hook, and at the end of the cord coming 
from the engine, a running loop may be rove in a 
thin strip of metal, in the manner shown in the 
following cut, by which it can be readily adjnsted 



to the proper lengtli. nod taken up from time to 
time, iiH it may become stretched by use. On h^h- 
speed engines, it is hk well, instead of using this, to 
adjust the cord and take up the stretching, as it 
takes place, by tying knots in the cord. If the cord 
becomes wet and shiinks, the knots may need to be 
untied, but this rarely happens. The length of the 
diagram drawn at high speeds should not exceed 
four and a half inches, to allow changes in the length 
of the cord to take place to some extent, without 
causing the drum to revolve to tlie limit of its mo- 
tion in cither direction. On the other hand, the 
diagram should never be drawn shorter than is 
noucBBary for this pui-pose. 
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I To take the Diagram.— 'Ever jthmg being in readi- 
BBs, turn the key of the stopcock to a vertical po- 
tion, and let the piston of the Indicator play for 
a few moments, while the instrument becomes 
warmed. Then turn the key horizontally to the 
position in which the communication is opened 
between the under side of the piston and the 
atmosphere^ hook on the cord and draw the atmos- 
pheric hne. Then tnrn the key back to its vertical 
position, and take the diagram. When the key 
stands vertical, the communication with the cylin- 
der is wide open, and care should be observed that 
it does stand in that position whenever a diagram 
is taken, so that this communication shall not be in 
the least obstructed. 
Z To apply the pencil to the paper, take the end of 
Bihe longer brass arm with the thumb and forefin- 
^^jer of the left hand, and touch the point as gently 
as possible, holding it .during one revolution of the 
engine, or during several revolutions if desired. 
There is no spring to press the point to the paper, 
except for osdliating cylinders; the operator, after 
admitting the steam, waits as long as he pleases 
before taking the diagram, and touches the pencil 
to the paper as lightly as he chooses. Any one, by 
taking a httle pains, will become enabled to per- 
form this operation with much delicacy. As the 
hand of the operator cannot follow the motions of 
an oscillating cylinder, it is necessary that the point 
be held to the paper by a light spring, and instm- 
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ments io be used on engmeg of this class are 
nished with one accordingly. 

Diagrams should not be taken from an engiiw' 
until some time after starting, so that the water 
condensed in warming the cylinder, etc., shall 
have passed away. Water in the cylinder in ex- 
cess always distorts the diagram, and sometimes 
into very singular forma. The drip-cocks should 
be shut when diagrams are being taken, nnlesa the 
boiler is priming. If when a new instrument is 
first applied the line should show a little evidence 
of friction, let the piston continue in action for a 
short time, and this will disappear.* 

As soon as the diagram is taken, nnhook the 
cord; the paper cylinder should not be kept in 
motion unnecessarily, it only wears out the spring, 
especially at high velocities. Then remove the 
paper, and minnte on the back of it at once as 
many of the following particulars as you have the 
means of ascertaining, viz : — 

The date of taking the diagram, and scale of tlw. 

Indicator. 



* Thns, hy the motion of the pencil up and down, 
paper from right to left, aad loft to right, we tmasfer the 
preBHure of the HteBiiu and yucaum (if there be finy), and the 
movement of the pietoii to the p[iper, giving ns a nap oi dia- 
gram of. the action required to move the load at aDj and all 
potnta of the stroke, from which the power exerted may be 
ocmpntedacd the condition of the internal ac ' 
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The engine from which tho diagram is taken, 
which end, and which engine, if one of a pair. 

The length of the stroke, the diameter of the 
cylinder, and the number of double strokea per 
minute. 

The size of the porta, the kind of valve employed, 
the lap and lead of the valve, and tho exhaust lead. 

The amount oi the waste-room, in clearance and 
thoroughfares, adds to the length of the cylinder. 

The pressure of steam in the boiler, the diame- 
ter and length of the pipe, the size and position of 
the throttle (if any), and the point of cat-off. 

On a locomotive, the diameter of the driving- 
wheels, and the size of the blast orifice, the weight 
of the train, and the gradient, or curve. 

On a condenaing-engine, tho vacuum by the 
gauge, the kind of condenser employed, the quan- 
tity of water used for one stroke of the engine, ita 
temperature and that of the discharge, the size of 
the air-pump and length of its stroke, whether 
single or double acting, and, if driven indepen- 
dently of the engine, the number of its strokes per 
minute, and the height of the barometer. 

The description of boiler used, the temperature 
of the feed-water, the consumption of fuel and of 
water per hour, and whether the boilers, pipes, and 
engine are protected fi-om loss of heat by radiation, 
and if so to what extent. 

In addition to these, there are often special cir- 
comstances which should be noted. 
2* 
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IV. HOW TO KEEP THE DIDICATOR IM ORDEE. 

Having the attachments made; before we ailmif "^ 
stoam to the inBtruioent, we open the cocka and 
blow through the connections to clear them from 
any foreign naatter, that it may not enter and 
injure the iDstmments. 

The Indicator will not continue to work well, un- 
less it is kept in good order. When used, it gene- 
rally becomes filled with water, which will rust and 
thus weaken the spring, and the steam often con- 
tains impurities and grit, a portion of which is 
lodged in it. Aiter the Indicator has been used, 
and before pntting it up, unscrew the cover of the 
cylinder case, and draw off the upper ferule, with 
the pencil movement and the piston and spring at- 
tached, empty the water fi-om the cylinder case, 
carefully clean and dry all the parts, and replace 
them, lubricating the cylinder with a few drops of 
oil which is entirely free from gum,* The cylin- 

*The oil is very important; it Blionldbe of the pnreBt kind, 
free from gum and all foreign matter. The porpoise oil we 
have foand to answer all tlie reqairenenCs ; it has wonderful 
ability to reainC the action of xteatn and water. We have 
fonnd the cylinder well lubriralod after having lakou a hun- 
dred diagrams. It baa equal merit ia preventing corrosion; 
hence it should be used on the springs, piston-rod, and arms. 
It costs high, bat a small bottle of it will, if properly used, 
last for years. It can ba obtained of any flrat-elaas clock- 
ir dealer in clock materials. 
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der is not to be removed from the case under any 

circumatances; the operation above directed gives 
complete access to it. 

Sometimea the aurfaces of the piston and cyhnder 
become scratched or roughened by impurities ia 
the steam, which will he detected at once in the 
dia^am by the unsteadiness of the line. If this 
shows the existence of any obstruction to tho per^ 
fectly free action of the Indicator, take the instru- 
ment apart, as for cleaning ; tate out the two 
■Bcrewa at tho top of the piston-rod connecting it 
with the pencil movement, and unscrew the spring 
from the piston and the cover; then replace the 
piston in the cylinder, after cleaning and lubri- 
catingthem; screw on the cover to guide the stem, 
and rub the piston up and down Jn the cyhnder, 
at the same time revolving the stem between the 
thumb and finger. Tho surfaces will quickly wear 
each other smooth ; no grinding or polishing 

.terial should be used; the piston should be taken 
oat once or twice during the operation, and the 
Burfacea cleaned. The piston, if dry, ought to drop 
perfectly free from every position. Before re- 
placing, lift the levers, and let them fall, to see if 
their action also is entirely fi-ee. Then replace 
everything, taking care to screw the heads of the 
spring firmly up to the piston and cover. Before 
putting the piston in the cylinder, revolve it be- 
tween the thumb and finger, to ascertain if the 
pina ccanecting it with the pencil movement turn 
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quite smoothly in the groove at the end of the 
Btem. The paper cylinder requires to be lubri- 
cated occasionally with a drop or two of pure oil, 
apphed at the end of the arbor, also the leading 
pulleys and the joints of the pencil movement. 

T, HOW TO CHAiraE THE SPRINGS. 

The directions already given for taking the in- 
strnment apart, for the purpose of smoothing the 
surfaces of the cylinder and piston, are sufficient 
also for changing the spring. Merely introduce 
another, instead of replacing the one removed. 
The lengths of the springs for the different scales 
are so proportioned to each other, that the pencil 
will always come to the proper position for drawing 
the atmospheric line. Be careful that the heads 
are screwed up firmly to the piston and cover. 

The spring, which gives reaction to the paper 
cylinder, is Hable to break after considerable use, 
especially on engines running at high speeds ; 
for which reason this cjhnder should never be left 
to r un unnecessarily. When this happens, a new 
spring can be readily inserted, as follows. Set the 
Indicator on the engine; if there is no other con- 
venient means for holding it firmly, remove the 
cover of the spring case and the bri>ken spring; 
then take out the screw, and remove the brass ring 
fi-om the arbor. Screw the new spring to the 
hrasa ring, replace this on the arbor, and set the 
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screw firmly np to the head. Then coil the spring 
into the case, and hook the end on the rim ; see 
that it is coiled in the same directioD n-ith the cord. 
If the Bpring has not sufficient atrengtii to keep the 
cord quite tight, another coil must be given to it, 

I but it shontd not be coiled any tighter than is ne- 
eessary for this purpose. 
HO 
■ The custom was introduced by Watt, and has 
■ilice been generally followed in England, to deaig- 
IBate the she of engines in measures of " horse 
power." Watt aBcertftioed by experiment that the 
power of London draught horses, exerted with ordi- 
nary continuance, was to lift 33,000 lbs. one foot in 
one minute, and this is now employed, wherever 
JEinglish measurements are used, as the unit ol 
measurement of the aclual power of steam engines. 
The Indicator furnishes one of the data for ascer- 
taining the power exerted by the steam-engine, 
namely, the mean or average pressure of steam 
during the stroke, on each square inch of the 
r, more accurately, the excess of pressure 
1 the acting side of the piston to produce motion, 
T that on the opposite side to resist it. This 
g multiplied into the whole number of square 
bchfiB, and the product by the mean or average 
L of the piston, ia feet per minute, gives the 
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bone p o w« , va ofalani tta gra^ power of the 



In ord^ to ■■« iliiiii the c^trim power, how- 
erer, tltere most be deducted from this the friction 
of the engine, or the pcnro' required to drive the 
«tgine ftlone at the same speeA, which, except in 
the case of vessels with the wheels sobmerged, the 
Indicator geDeraUj enables as to ascertain ; and 
also the increase tn this friction which arises when 
the resistance is being overcome, which the Indi- 
cator does not show. The amonnt of this latter is 
not generallv known with any accuracy ; but we 
know that the pereent^e of loss from this cause 
diminighea as the size of the engine is enlarged, 
becanse the increase in the motion of the sorfaces 
in contact is much slower than the increase in the 
area of the piston, and also that it varies according 
to the nature of the Inbricating material employed, 
and the degree of completeness attained in the 
separation of the surfaces by means of it. Five 
per cent, is nsuaUy allowed for this increase of 
friction; but it may, in fact, be considerably more 
or less than this. On small engines, the friction- 
brake can be applied, to show the amount of effec- 
tive power exerted, and a comparison of this with 
the pfrosH power, and with the fi-iction of the engine 
aiono, aa ehovnx by the Indicatox, ■^ill e%hihit the 
ro of Iviatian occaaioned Vij 6iSpTe."tA 
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^Bf resistance, and sbuw the value of different liibri- 
^^ptcts, atkd the utility of esteuded wearing surftices. 
H "We will now describe the mode of ascertaining 
from tlie diagi-am the mean pressures on the oppo- 
site; sides of the piston, in condensing and in non- 
condensing engines. For this purpose, divide the 
tgram into any desired number uf equal parts, 
lines drawn perpendicular to the atmospheric 
?, Sometimes these divisions are made very 
uumerousj but the usual practice is to make ten, 
which number is probably sufficient, unless great 
accuracy is desired, when twenty divisions may be 
made. A convenient instrument for facilitating 
this operation, Having time, and insuring accuracy, 
is furnished with these Indicators. It consists of a 
parallel ruler, of eleven bars of thin steel, and a 
small square. The perpemliculars are first drawn 
by the square at each end of the diagram, when, 
the outer edge of bar No. 1 being brought to the 
beginning, and the inner edge of bar No. 11 to the 
termination of the stroke, the dividing lines are 
drawn with a sharp-pointed penciL If twenty 
divisions are desired, the intermediate lines for this 
purpose vrill also be readily drawn by means of 
this instrument, points being first marked in the 
middle of the outer divisions. It is an excellent 
practice to divide the diagram also by lines drawn 
parallel vdth the atmospheric line, into equal 
diviaioiiB, each representing a certain number ot 
pounds presBare, generally five ox ten, stai t«hb- 
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bered on tite nuu^in according to the scale of the 
Indicator ; by whkh meaos the engineer is able to 
obaerre much more accurately the general nature 
ol the diagram. The same instrament may be 
employed for this purpose. 

On diagrams from condensing engines, the line of 
perfect vacmim shodld be drawn at the bottom, 
and the line of the boiler pressore, as shown by the 
gauge, at the top.* The line of perfect yaeuum 
Taries in its distance from the atmospheric line, or, 
more correctly, the latter varies in its distance 
from the former, according to the pressure of the 
■ atmosphere, as shown by the barometer, from 
13.72 lbs, on the sqaare inch when the mercury 
stands at 28 inches, to 15.19 lbs. when it stands at 
31 inches {vide Table II.); and it should be drawn 
according to the fact, if this can be ascertained. 
The engineer should always have a good aneroid 
in his pocket. The pressore of the atmosphere ia 
usually reckoned at 15 lbs., which, as a general rule, 
is too high, being correct only when the barometer 
stands at 30.6 inches; but the error is unimpor- 
tant, and it is very convenient to avoid the use of 
a fraction, and to say that 30 lbs., 45 lbs., GO lbs., 

* when accnrac; is required, the ateam-gaugo Ghonld be 
teated by tho Indicator, which may be done by stopping Uie 
engine on Iha oantro, opening the xleau-Tatvo, and letting 
the ftill pressure on tbo iostrumant; when the indications of 
the two instramenta may be compared and noted. 
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nd SO on, represent 2, 3, 4, 6, 6 atmospheres of 
^essore. 

I The principal object of knowing the exact pres- 
) of the atmosphere is, to ascertain the duty 
Mrfonned by the condenser and air-pump. The 
lemperature of the discharge being known, the 
are of vapor inseparable from that tempera- 
B also known {vide Table No. IH,), and this 
■fceiag deducted from the actual pressure of the 
atmosphere, the remainder is the total attainable 
vacuum at that temperature. 

The areas of the diagram above and below the 
atmospheric line are usually calculated separately, 
to ascertain how effectually the resistance of the 
atmosphere is removed from the n on- acting side of 
the piston, by those parts of the engine whose func- 
tion this is. In case of engines working very ex- 
pansively, however, the expansion curve crosses 
the atmospheric line, and sometimes at an early 
point of the stroke, aa in diagram No. 10. In such 
cases, the whole space between the atmospheric 
line and the line of counter-pressure should be 
credited to the condenser and air-pump ; not, of 
course, to be considered in estimating the power 
exerted, but for ascertaining the degi-ee of economy 
in the consumption of steam, which depends greatly 
on the amount of vacuum maintain eel. 

The lines having been accurately drawn as above 
directed, ascertain, by careful measui-ement with 
tind soale, the mean pressure in each division, be- 
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tween the atmoepheric line and the npper line of 
the disgram, vntil this crosses tlie former, if it does 
so; add these together, and point off one place rf 
decimals, or diride their earn by the number of 
dirisioDB, if there are more than 10, and the quo- 
tient will be the mean presEnre abore the atmos- 
phere dnring the stroke. Then repeat the process 
for the area between the atmospheric line, or the 
espansioQ curve after it has crossed this line, and 
the lower outline of the diagram. Add the two 
mean preBsnree so ascertained together, then find 
in Table No. I. the number of square inches in the 
sur&ce of the piston, if you know the diameter, 
and multiply the pressure on one square inch by 
the number of square inches, and the product by 
the mean velocity of the piston, in feet per minute, 
and divide by 33,000, and the quotient will be the 
gross amount of horse-power exerted ; or the 
power represented by the two areas of the dia- 
gram, above and below the atmospheric line, may 
be calculated separately. 

[Since the publication of the First Edition, my ottentioD 
has been called to an improved method of measuriDg the dia^ 
grom which is more eii>editioua and leas liftbilitj to error.] 

Thus, your diagraca is divided into equal parts as 
usual — aay 10. Now, we take a narrow slip of paper, 
or what is better, card-board (hat is thin aud smooth; 
this we place across the diagram as we would the 
scale, lettiug the end of it be exactly over the base 
lino ; then with a sharp-pointed knife prick the slip 
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exactly over the line opposite the base {steam-line), 
advance the slip to the ne^ct division, aud carrying 
the point made by the knife to the base line, then 
remove the knife and make another priclc exactly 
over the line opposite. Kei)eat the movement until 
you have measured each space ; then make a mark 
with your pencil. Now, with a rule, you measure 
the distance from the end of the shp to your peucil 
mark ; we will assame that it is G^ inches. Now, as 
you have measured 10 spaces, to get the average, we 
divide it by 10 ; thus, 6J expressed decimally is 6.25. 
This, divided by 10, is equal to ,C25. 

Now the scale of the diagi'am we will assume to be 
40 to one inch. We theu multiply .625 by the scale, 
which we have assumed to be 40, and we get the fol- 
lowing result as an average pressure per square inch ; 
.625 



I 



25.000 lbs. pressure. 
Expressed in arithmetical signs, it is 

G.25 -H 10 = .625 x 40 = 25.000. 
Should there be more or less than 10 divisions of 
the diagram, divide by the number, whatever it ia. 
Should the scale of the instrument be other than 40, 
then multiply by the number, whatever it may be. 
Xhis mode is much less liable to error than the 
y mode ; in fact, it reduces the liabiUty as ten 
more expeditious, in so much as it saves 
e additions of a long column of figures. 
The space between the steam \ine aiii 'Aie.^'Bsi ^^ 
boiler pressure shows how raiicla i-W -pTerasosa "i 




asBine that the oOer e^ne vmia k 

waw dMgruB. wUck ia poaAlj eoneet, and also 
that tlie lower aids id the crfinderB woold have 
given the same, wfaieh is prtibtibtx quite incorrect, 
because in ade-lerer, orbeua engines, the speed of 
the |)iston at the lower end is slower, and therefore 
probftbl; the pressare obtained is greater, th&a in 
the upper end, the motioii of the valres being the 



Tl» n«M ynamxn of sleaio above the atmoepher 










. 21.28 



i 



TUd lidttor modd of oftlcnlation in all cases is, to 
nbtnlii flmt Um uumbur of horse-powera for lib. to 
taoiui J»'uwfui'u UQ thu Bt^uiu-Q inch, as follows : 
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Uolldpl; the iiDmb«[ of square inches in the 

enriace of lite piston 7088.2 

Bj the speed of Qie piatou. in feet pei^ ninate. 300 

33. (000)2126(460. 0(Gii4 



12G 
Which ia tba nomber of horBe-powera eierted, for 
each pound of preaaure durmg tua stroke on 1 sqaare 

inch of the piaton 6i.U 

To obtain the groas powerne mnlliply this by the 

average presanre pei aqnare inch on the piaton 21.28 

■5IM 



I 



Gtose horae-poweia exerted ii 



To ohtain the effective poner we moat ab- 
atmct from the maltiplier 

The piesanie required to nm the engine 
alone, which in ao large an engine 
wonld probably not eioeed 

And the increase in Ihia pressure required 
to OTercome the increased friction when 
the Teaiatance is being overaome, say 5 
percent = 



IL 




I, Qwline 
me Aoald be dnwn at tbe lop, and 
it is wfill to dzaw tlie line of periect ncoom also, 
that the e&giDb^ msj be aUe to see at a gUnce the 
qiuotit* of Stetuu consmned, md to compare with 
it the amoimt of work done. It is not possible that 
flw boclc presgare resisting the motioii of the piston 
■ball be less than the preesore of the atmosphere, 
but it may be a great deal more, and Tery commonly 
in Huu-condensing engines the line of resistance is 
M much as 2 or 3 lbs. above the atmospheric line, 
though it is quite possible to avoid this excess 
altoguthor, as is shown in diagrams Kos. 6 and 9. 

Tlio mituQ pressure is aacertained in the manner 
nlrondy directed for obtaining the pressure in con- 
(IcniilnK fliiginns above the atmospheric line, and 
tlio ]iuwor ii oiilo.uhited in the same way. 

I^>r oxample, lut it be required to find the efTec- 
*ivo |)i)w<ir oxiirtoil by the engine from which 
4llit|r<'tttn Nil. (I wftM taken, the diameter of the cyl- 
luilut' bailtg IS' ',tht> itrolcuof the piston 42", and 
ilto inimbi'i' iif nmihiUonM flO jmr minute — 
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Xhe mean pTesBare of steiim during the 

Btrote, above the resiBlanee of tha »t- 

mosphere, vias 2S lb& 

Prom iMa we must subtract the pcaaenre 

reqiured to run the engine aloDe. say. , l.TS lbs. 
And the increase of preEsore required to 

overcome the increased iriction when 

tbaloadlHon, estimated at Spercent.. 1.25 " 

3 lbs. 

LeaTiCg effective pressore 22 " 

The area of the piston is 25J.5 eqnore inclieB, 

Wiich. multiplied by the velocity of 
the piston 420 feet per minnte. 



101!JU 
And divided by 33.(0l}0)l06(89a0(3.2« 



^^BiTBB 3.2i horse-pon' 
^^^ esch pound of 

1 sqiwrB inch during the 

Bboke 3.24 horse-powers, 

Hnltiplied by 22 lbs. presanre, 



Givea 71.28 effective horse-poweiB, 

oicg the pressure on the opposite side of the 
n to have been the same. 
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In tiiB same manner, on stationary ongines, the 
power shown by the frictional diagrams can be 
caJculated, and by diagrams taken when the shaft- 
ing only is being driven, and when greater or lesser 
proportions of the whole resistance are being over- 
come, and on vessels at different depths of immer- 
sion. 

Generally, engines will give the same figures at 
«ach revolution, the pencil retracing the sanfc line 
so long as the resistance continues the same ; but 
sometimes this is not the case, as in the engine 
from which the diagram just calculated was taken, 
where are shown four distinct expansion curves. 
In such cases care must be taken to obtain the 
average diagram. Also, in comparing the pressures 
required to overcome different resistances, it is es- 
sential that the speed of the engine in each case be 
the same, a requirement often disregarded. 

In all calculations of power from the diagram, it 
is assumed, and correctly so, that the value of each 
unit of motion of the piston is the same, whether 
measured at the extremes or in the middle of the 
stroke. The motion of the crank should be uni- 
form; and if this is the case, the divisions of the 
time occupied in a revolution can be accurately 
measured on the circle which it describes. The 
motion of the piston, on the contrary, changes at 
every point of the stroke. At the instant when the 
crank is on the centre it is at rest; then its speed, 
'. finitely slow, becomes graduaUy acceler- 
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ated, antil, at tbe point where ihe direction of mo- 
tion of the piston and that of the crack-pin coin- 
cides, the velocities of the two are equal, and for 
some distance hefore reaching and after passing 
this point they differ but little ; then its motion is 
gradually retarded, until on the opposite centre it 
is at rest again. 



For this purpose, draw the line of perfect vacu- 
um, if not precisely known, at 14.7 lbs. below the 
atmospheric line. Ascertain how much the dear- 
iince and the thoroughfare add to the length of the 
cjhnder at one end, and add a proportionate quan- 
tity to the length of the diagram by a hne drawn 
pei-pendicular to the atmospheric line, at the proper 
distance from the admission line. Then ascertain 
the point in the stroke at which the steam is 
released, and the pressure in the cylinder at that 
Multiply tliis pressure, reckoned from the 
i&e of perfect vacuum (and which must be taken 
(ore the exhaust-port has been opened), by the 
ional area of the cylinder in square inches, and 
EHie product by the length of tbe stroke in inches, 
ttp to the point at which the steam was released, 
and including the addition for tbe clearance and 
thoroughfare, and divide by 14.7, aucl the quotient 
will be the niiinber of cubic inches of steaio., »i ^Siia 
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preB8m-e of the atmosphere, discharged from the 
cylinder at a single stroke. If the Tftlves do not 
leak, and there is no water with the steam, the cubic 
contents of the cylinder multiplied by the pressure, 
at the point of cut-off, should equal the cubic con- 
tents multiplied by the pressure, at the point of 
release, and in a compound engine the cubic con- 
tents of each cyMnder multiplied by the pressure, 
at the point of release, should give the same result. 
Multiply this by the number of strokes in an hour, 
and divide the product by 1728 to reduce the cubic 
inches to cubic feet, and the quotient again by 1700, 
to.reduce the steam at atmospheric pressui s to 
water, and the result will be the number of cubic 
feet of water used per hour; multiply this by 62.5 
for pounds, and divide the product by 8.33 lbs. for 
wine gallons. The supply of water to the boilers 
will need to be greater than the quantity thus ascer- 
tained, and the excess required will measure the 
aggregate loss from all causes, including leakage, 
priming, blowing off, and radiation from the cylin- 
der and pipes where the water of condensation does 
not flow back into the boiler. It is essential, of 
course, that the diagram measured shall represent 
the uniform power exerted, or the mean power, if 
it is subject to variations. 

The detection in this manner of losses of heat, 
from occult causes, is one of the most remarkable 
and important services which have been rendered by 
the Indicator. It has been proved in some casea 
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that nearly or quite twice the volume of eteam 
must have entered the cylinder at every opening 
of the ports, either in the form of steam or of watei- 
already condensed, that existed in the Jorm of 
steam at the point of cut-off. The field here pre- 
sented is one of the most uaeful in which the Indi- 
tor can be employed. 



In order to point out clearly the principal points 

of excellence and defect in the action of engines, 

which are made known by the Indicator, it will be 

heat to consider each line of the diagram separately, 

^Ktwginning at the commencement of the stroke. ^M 

^K I. THE ADMISSION-LmS, ^M 

At low pressures of steam this line may be very 
nearly vertical, especially when the opening of the 
ports is preceded by considerable compression of 
the steam in the cylinder, as in diagram No. 1. 
Diagram No. 13, also taken from a celebrated 
steamship, shows a more gradual opening, bnt not 
preceded by any compression. At high pressures 
it ia important to avoid the shock of the full force 
of the steam on the centre, especially when there 
has been no compression. Diagrams Nos. 6 and 7, 
from non-condensing engines, show a moderate 
advance of the piston, and, the iormex Bs^fttitii.-^ , ik 



I 
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fionaiilerable moTement of the crank, while the piea- 
enra vi&s being attained in the cylinder, the latter 
with and the former without precedent compres- 
siou. These are all excellent admission-Uiies. 

The direction of this line is determined by the 
amount of lead given to the valve, for which no 
general rule can be laid down. It depends npon 
the speed of the piston, the proportion between the 
area of the ports and that of the cylinder, the 
rapidity or slowneaa of the opening movement, and 
the density of the steam already in the cylinder at 
the instant of opening. The proper lead can be 
ascertained only by the application of the Indica- 
tor, Without its assistance the best judgement is 
liable to err in a case presenting novel conditions. 
By the best judgment is meant a judgment formed 
by careful comparison of the lead given with the 
admissioa-line drawn by the Indicator, in a wide 
diversity of cases. 



IL THE STEAM-LINE. 



i 



Here we find engines divided into four classes, 
oamely — 

1. Those in which the valves have an invariable 
motion, without any or with only very trifling lap, 
oausiug the port to remain open, or, technicaily, 
the steam to follow the piston, quite or nearly to 
the fiStl of the stroke. 



i. Ham IB «ldch the <nlra8 haw abo mi itt'* 
vanahk motioB, bat vith mM« or Ivbs Up>, CMUUtg 
the flteurt to be oat <df at « certain fowd potat (^ 
thestrt^e. 

3. Thoee in irliioh the point ot out-off niigp bo 
varied b; hand, either b^ m^onS of (lio link n\otioii 
or of an independent cut-off gcior ; luitl, 

4. Those in which the point of cut-off in udjuiitoi) 
by the action of the governor, auoordinK to tlm 
changes either in the preseoro of atoom or tlto m- 
sistance to be overcome. 

In the first two classes, when lona tlmn tbo full 
preBsore ia required in the cyliudf^r, llio povornor 
or the engineer adjusts the preHRUro by olmnKin(( 
the position of the regulating valvo. In Iho third 
class the regulating valve may bo employud for tliln 
purpose, but the more usual and bettor way In to 
run such engines with thin valvo wntiroly ofKin, and 
to adjust the mean preHtture in tho cylinder by 
changing the point of cut-off. Engines of tliu fourth 
class have no regulating valve, but tho full attain- 
able pressure of steam in admitttid to th« eylindor. 

The action of the regulating valvo varien tlie jiO' 
eitioa of the steam line upward or downward, to 
that distance from the atmoapbcric line which giTM 
the mean pressure required. The action of tiw 
cut-off gear, on the contrary, variea ita loogth far 
the Mme pinpoiie. In eoginea in friucb the iit«asi 
I to the ea<l, or nearly to ibe *n&, (A ^Shft 



stroke, and indeed in all cases where the preasnie 
i3 rodaced between the boiler and cylinder by tlie 
action of the regulating valve, it is a, matter of very 
little iateresfc what the steam-line may be. Nut 
only its distance fi-om the atmospheric line, bat 
also its direction, is changed by every change in 
the position of the regulating valve, so that it ia 
not at all a tit subject for consideration. 

In engines which have no regulating valve, or 
where it is not employed, as in marine engines ex- 
cept in rough weather, the steam-line should ap- 
proach nearly to the line of boUer pressnre, and 
should be parallel with this line up to the point of 
release or cut-off. Diagrams Nos. 1, 6, 8, 9, afford 
examples of correct steam-Unea, except that in No. 
1 it is not continued parallel nearly up to the point 
of cut-off. Diagram No. 10 shows a shght fall of 
the steam-line as the piston advanced, but the 
point of cut-off is well shown. Diagram No. 12 
from a marine condensing engine, at 336 feet travel 
of piston per minute; and Nos, 2, 3,4, and 5, from 
a locomotive, at 730, 820, and 950 feet travel of pis- 
ton per minute, afford, on the contrary, examples 
of bad steam-lines. The boiler pressure is very neai"- 
ly attained at the comtuen cement of the stroke, in 
the first case, by lead given to the valve, and in 
others by lead superadded to excessive compres- 
sion ; but as the piston advances, the pressure falls 
with great rapidity, and the point at which the 
port was closed there is no means of discovering. 



r 
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In all these cas^a the passage of steam to tbe vnlve- 
cbamber was entirely unimpeded. Diagrams Ntia. 
15 and 16 are good admission and steam lines. 
Locomotive diagrams Nos. 19, 20, and 21, are re- 
markably good steam jind admisaiou lines. In No, 
22, steam-line falls off slightly. The nature of 
the st«am-liiie depends principally on the propor- 
tion between the area of the ports, supposing them 
to be, as they ought, the smallest passages through 
which the steam is taken, and the cubical capacity 
of cylinder to bo filled in a given time. A given 
cubical capacity may be formed in the same time 
by the slow advance of the piston in a, liirger cylin- 
der, or by its more rapid advance in a smaller one. 
The sectional area of cylinder and the speed of the 
piston must be equally considered in determining 
the area of the ^x}rts, as they are equal elements in 
determining the capacity of cylinder to be filled. 

"Wbile, therefore, very high velocity of piston 
does not render impossible the attaining of a cor- 
rect steam-Une, still the size of port required for 
this purpose becomes so considerable, and the 
amount of power absorbed in working the valves, 
under the pressore which is generally associated 
with high speed of piston, is ah-eady ho serious, that 
with the present form of valve in use — on locomo- 
tives, for example — it is better probably to submit 
I) the defect at high velocities, than to attempt to 
i a by enlargement. Improvement in this fea- 
«tn be looked for only from a ttulaca\. i£qb.'q.%'& 
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in the valves and movements. It should be ob- 
served, however, that the velocity of piston at 
which diagrama Noa. 7 and 8 were drawn was 600 
ieet per minate. Another cause often contributes 
largely to Injure the steam-line, especially in con- 
densing engines — namely, the condensation of the 
steam on entering the cylinder ; and to thiff the 
enormous fall of pressure in diagram No. 11 must 
tmdoubtedly be in part attributed, the BmaUness 
«f the ports not being sufficient to account for it 

There is obviously a point beyond which expan- 
aion can not be advantageously carried, because it 
is possible to cut the steam off so early that even 
with the highest pressure the engine will not per- 
form any duty at all, but only run itself. Of course 
the power absorbed in running the engine shonld 
be only a small percentage of the gross power ex- 
erted. But there is also another limitation. The 
loss of heat by radiation and conduction, external 
and internal, is far greater than was till lately gen- 
erally supposed. It is possible to protect pretty 
thoroughly against external radiation ; but against 
internal radiation, which is so much greater than 
the other, as the capacity for heat of the exhaust 
steam, at the density it may have, is greater than 
that of the atmosphere, it is not possible to protect 
at all, and the earher the steam is ciit off, the 
greater is the proportionate time during which the 
exposed surfaces are being cooled, and the smaller 
the quantity of steam admitted from which they 



^uaL be wanned ■gain.* The pbeooiAenoo of a 
in^wr tenniBal pressure, in crlinders iroTtiap 
ateuB exputKvehr, tiisn ihe lav of the guses conld 
acoount {en-, was generally explained, nntil qnit<> re- 
cently, b; supposing iliat the valres leaded ; bat 
wh^> it was foond to be universal, and to be most 
remarkable where the Eteam n-as most ch&r^^ed 
with moistore, thooghtfal men n-ere not long iu de- 
tecting the trae canse. The temperatnre of this 
moistore, as it enters the cylinder, is the same as 
that of the steam, and being in great part reUeved 
from pressure by the expansion, it will instantly 
assume the gaseous form, provided the heat, which 
must be rendered latent on its change of state, is 
furnished. This is abstracted from tho surfaces 
with which the particles of moisture como iu con- 
tact, and the escess of terminal x^i^'^^ure above 
that which should exist measures the heat thus 
lost, and which must be regained at the conimonco- 
ment of the next stroke from the enteiing steam. 
If the steam enters the cylinder nearly dry, this 
process, when the cylinder becomes heated, soon 
reaches a yery moderate point, as is illustrated in 
diagram No. 6, where the theoretical curve is closely 
approximated to. Diagrams No. 7 and B, on th» 



* The recent eiperimentB of ProfeBBor Tjodnll revenl tba- 
aatonnding tact, ihal Ibe power of nqneouB vnpor. st (h» 
ptesBOre of the atmoBpherb, to absorb beat. !« 6,000 Uma* 
gnater than tb&t of dry air. 
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Aonbrary, being taken at the Great Exhibition o! 
1882, where tho steam was charged with moistur"^ 
in an excessive degree, show a great amount 0/ 
re-evap oration to have taken place, as the pressure 
fell in the cylinder. 

The beat means at present known for diminiBb- 
ing the loss from this caose is, to dry the steam bj 
moderate superheating, perhaps sufficient to affect 
the thermometer but very shghtly, since every atom 
of moisture must change its state to steam before 
the temperature can rise above that due to the 
pressure. The height of the terminal pressure, as 
ahown by the Indicator, above that which the law 
of Mariotte and the law of contraction of gases by 
oooling call for, affords some indication of the losa 
from this cause. If the curve drawn could agree 
with the requirements of these laws, there would 
be demonstrably no loss at all ; but this is not at- 
tainable. Indeed, the higher temperature of the 
cyUnder would probably affect sensibly the fall of 
pressure, even if the steam was perfectly anhydrous. 
It is obvious, that the percentage of loss will be 
diminished, other circumstances being the same, in 
proportion aa the Speed of piston is increased, the 
actual loss continuing the same, but the power ex- 
erted becoming greater. Whether the employment 
of two cyhndors enables this loss to be avoided to 
A greater extent than it can be in a single cylinder, 
must at present be regarded as an open quostion, 
3* 







'zr "SOS ^^^.uur^mmz T: 'y^is^^ ja^<qnti 

dusted sraf imi^cx ji{ ^^ Ccirbs^ y:i^a!t^>. 't'^.vdi 
is i*|i*'«MLiw ig ssai =z. i2i^ ^sscinrr pj^r^ .^^ ^^ V>i;t- 
ted States ior sBss;:iaziij:7 tcltto^i^ T^ $(Wv\ ^^f 
piston of tins a^g^rie ^:fc> 4^.^ 5^^^ xvr r.;;:xu^(^ 

I>iAgTaiiis 9 ud 1? sbcw lb,? c^i-vN? r,^,^W l\\ liw^ 
Sickels Tihe-g€«r, also in ^xc«^ii;>^\y» u^ \u lhf» 
United States, especiallr coi Ik\i($ a:iu) \^n^&^'K N\v 
9 was taken from a non-cvmdou^i\^ i^t^tuM^i^vv \vu 
gine, malring 30 revolutions |vr \ui\uito, im\\I Nw 
13 from the engines of a stoam^Uip nt \{\ ^^^\\\\^^^ 
tions per minute. It is hardly noooMMivty (n mlit 
that these were not taken with iho UitOiiMMlM I mil 
cator. The theoretical oxpanmon otirvnM imimmmI 
be drawn on either of thoHo (1iii^mttiM< iMntfiiiMh Him 
amoTmt of waste room, which In notiMlilomlflM, hmn 
the nature of the ralveN (Mttphtyt^'i, In iini hiitmh 



CO RICH.VRDS STGAM-ENGINE IKDICATOO. I 

The speed of piston in each was about 300 feet pi 
minute. 

Diagrams Nos. 7 and 8 were taken from the A 
len Bogine at the Great Exhibition of 1862, at 
speed of piston of 600 feet per minute. The pre 
sure fell somewhat at thia great speed, aa the clo 
ing movement of the yalve was being complete 
giving a rounded corner. In Diagram No. 7 y 
find the expansion curve changed to a waving lin 
The pressure of steam was removed from the pi 
ton of the Indicator with such extreme suddenne 
that the reaction of the spring was necessarily vi' 
lent; but the rounded, flowing nature of the osei 
lations show the action of the instrument to ha^ 
been frictionleas, and these gradually subside in' 
the correct curve, which the mean of the oscillatioi 
gives throughout, as shown. Diagram No. 1 
from the engines of a steamship, shows very si 
perior action of the cut-off gear. 

The vice which is the opposite of this exo€ 
lence is technically termed wiredrawing, and coi 
sista in a gradual fall of pressure in the cylinde 
while the port ia being closed. It is illustrated : 
various degrees in several of these diagrams, and 
A source of serious loss. The object of cutting c 
is, to obtain the greatest mean pressure with U 
lowest terminal pressure, and it is clear that tl 
sharper the cut-off the more completely this obje 
is attained. I'or example, in diagram No. 1, U 
0tBnm expands to a pi'essare of IT Iba. at the poii 
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of release, and a mean pressure of 21.28 lbs. is 
exerted during the stroke ; had it been cut off 

Bharply at the point c, it would have expanded to a 
presaure of 9 lbs. at the point of release, describing 
the curve c g, and would have exerted a mean pres- 
sure of 15.87 lbs. But 21.28 : 15.87 : : 17 : 12.67. 
The gain of steam from cutting off sharplj would 
be then 12.67 - 9=3.67 !ba., or 29 per cent. But 
this is by no means the full amount of the gain, for 
so much less steam being to condense, 1 lb. better 
vacuum at least would have been formed, and the 
boilers would easily have maintained a pressure 5 
lbs. higher, with much more moderated firing; so 
that the fall mean pressui-e of 21.28 lbs. would have 
been obtained by cutting off at the point c, and 
e^anding to a terminal pressure of 10.6 lbs., a gain 
of 65 lbs., or 38 per cent., and improvements equal 
to this have by this single means been often real- 
ized in practice. The slide-valve in its best form 
wiredraws the steam considerably, unless a great 
travel is given to it; the vicious practice of making 
the end T-shaped of course raises the loss from this 
cause to the very highest point. 

Diagram No. 14 shows the action of a single 
slide-valve with a serrated end, expressly contrived 
to wiredraw the steam as mnch more than it can be 
with the ordinary ahdo as possible. 

The mean pressure for different points of cut-ofl^ 
may be found by 
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S4 kicbaxds' sTK^MsxtsxM. rawcATOW. 

Compatijig iC bj tlie eame role, wittoot taldiig 
■ecount of the clearance, the sren^ [vi 
39.75 lbs. The resalt stands Uuh, eompnting n 

the clearaoce added. 73.00 B,^ 

Without the clearance. 6&64 " 

Difference 6 

In nsing Table No. T., the clearance most be 
added to get the correct mean pteesnre. 



LIKE AXD THK UNB OF COCNTXE- 



may properly be considered together. It is, of 
coarse, deairable that the pressure of the steam be 
got rid of as completely as possible before the 
piston commences its retnm stroke. This is 
accomplished in a non-condensing engine by having 
the exhaust port and passages sufficiently large, and 
opening the port a sufficient time before the termi- 
nation of the stroke, according to the density of the 
ateam to be released and the velocity of the piston. 
The passages and pipes communicating with the 
atmosphere should be at least 50 per cent larger 
than the ports, and as free from angles as possible. 

These requirements apply to condensing engiues 
even more strongly, and in addition the condenser 
and air-pump must be able to maintain a 
vacuum. 

Diagrams Nos. 6 and 9 show no back-press 
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1 above the atmosphere ; diagrams Nos. 7 and 8 
LOW a trifling back-pressure, attributable to the 
imber of angles in the pipe necessary for connect- 
g with the exhaust main at the Eshibition. 
Diagram No. 10 exhibits remarkable exhanat and 
lunter-pressure lines, obtained by a surface con- 
anaer, while No. 13 shows a great loss of power 
om imperfect vacuum, which was very partial at 
|£ best, and that only gradually obtained. 

W v. THE OOMPBEMION-LINE. 

This line, when it exists, is formed by the closing 
f the exhaust port at some point before the termi- 
ation of the strobe, when the advancing piston 
impresses the confined steam to a density propor- 
oned to the decrease of volume. This is illustrated 
1 various degrees in several of the diagrams here 
lown. This action occasions a loss of power, but 
ot much waste of stream, because the confined 
;eam reacts on the return stroke with a force equal 
) that expended to compress it. It is useful on 
Qgines running at high velocities, by taking up 
radually all looseness of the joints, and prevent- 
ig the entire force of the steam from striking 
addenly on the piston. Indeed, so important ia 
Ike compression in preventing shocks on the centres 
1 engines of this class, that probably locomotives 
[>ald not be safely run without it. At the same 
ime, the nature of the valve and geox em.'gVQ'3«d.«;& 
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this class of engipes is such, that when cutting off 
vay early the compression becomes excesBlve, 
involnng an increase in the counter-pressure as 
the piston approaches the centre, which is quite 
unnecessary for any useful purpose, as is illuslrated 
especially in diagram No. 4. At any ordinary 
nomber of revolutions per minute made by station- 
•ry or marine engines, the compression is not 
required, but in a moderate degree is never, 
perhaps, objectional.* 






• We do not think our author gives suffloient promini 
to the kdnabtges of compression; aU engines rehire it. b) 
gTMtw or lesa degree, depending, of coarse, on the speed and 
ution of the VbItcb. Onr practice is, when we can control 
tha exttanat valves, to compress from, one-half to the whole 
initinl preBBare. A great point gained b; compressioa is, to 
take up and store sway, to assist on the return stroke the 
momentum of the piston and its connections with the crank ; 
ftlBO, to QU the ports, paasage-ways and clearance with eihaoel 
■team, that we roay uot have to call on the hoiler for it. It is 
certainly easier on the machine to take up slack motion of the 
joints thus gradually, than to take high steam on before 
reaching the centre. It is true, we reduce the capacitj of the 
ojlinder, but lose no steam ; on the contrary, save the momen- 
tum of the reciprocating parts, by compresBing a portion of 
the ezhanst steam. When the slide-valve is used, it serves 
to partially balance it during the compresaioD, thereby leUev- 
ing it from friction and wear ; a very important consideration, 
particularly on large valves. Wc prefer bIbo to give very little 
or no steam lead; let the centre be past or nearly so, and the 
|u*toa OQ its way back, before the steam is admitted. 

Many a crank and its concections have been broken, hrMStt 
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THE THEOKETIC CURVK AKD ITS OiM 

Tien we wish to know the Ponillli«i> of tlm 

1 working of an eu^^ino tritiii n i1lR(rVit)il W« 

I taken from it, wo muko ri jtcrfmi^ illiiKirkiii 
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t BTJiB, Bre daily unilMil by nlixMwIt* •iMlIll ImhiI I 

R,bTOT«prewin|{, Ibe plxUnt niM>U 11-' lliln irtrMll" ••)'»' 

g fai tba Gjliiuln witliont ■ »h'i«k. K la tmAwi'mitl 

ft BKM* •n>mprM> iwHi. 



■raaad it 00 we nwy eoo^Mre fiie one with tl»> 
other. 

To do this : Fint, we asoeciain the cleansce 
between the piston and eorer, also the areas of the 
ports and pasBi^e-waTS ckar bad to the T&lTes, 
both steam and exfaaost, if the; be separate. 

'Ihis we reduce to cubic inches ; we then get tbe 
cnbic inches of the crlinder, or that part of it occu- 
pied by the stroke. Sopposethe cylinder to be 11" 
diameter, and 36' stroke, it mil contain 554I4S 
cubic inches, Now, then, snppose onr clearance is 
206.44 cobic inches; this being divided into the 
contente of the etrobe part of the cylinder, 5541.48. 
gives tis 27, or is ^ part of it. We then add to the 
steam end of oar diagT^m ^ part of its length. 
We then draw the line of perfect vacnmn, whether 
it is a condensing engine or not Then we space 
the whole in ten or more equal divisions, and erect 
lines (ordinatea) on these spaces at right angles to 
our racuum line, as shown in diagram No. 0. 

We will snppose we have 100 Iba. from A to B, 
Diagram No. 0, measuring from the lino A E, and 
we cat off at C, which is ^^ or J ; by the law of expan- 
sion we should find (having expanded the steam J) 
the terminal pressure to be -^ of the preseitre at C, 
the steam having expanded, f of the whole diagram. 
To find the point where the true curve should bisect 
the ordinatea, we have nambered them from one to 
ten. We find the steam is out off at 3, the next 
ordinate is 3, this being I the length of 2 ; hence. 
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e cots off short, av Kt } <ir Iws ot tb* itroks^ 
r expect to find it a btUe^ aiy « [MMUid cur 

Eitwo, above, &t the last } or | of the strokv; tliia i« 
I accounted for by rfr-evaporatiou of thp mttnr wh. 
Ldensed in the first part of tho stroko. UtiL, if It 
■flhonld run as it often dooa 10 or 15 pouiulM ulmvi', 
I we conclnde at once that the alenin vulvn 1«ukii. 
I If we find the curve made by tho iiiHt.niinntil. Ml- 
', below tho theoretic lino, wo nro tii]rl>ii.iii lliiiti 
her the piston or eihauat valvo ]«u.\iH, in may Im 
toUi. 

, J>iagnm No. 16 waa takon from an niitfliKi 
8", making 50 revolutioim ])t-r tuUmt*; 'I'iiu 
I tbItob are of tb« cUm ktiowii m IimIwhimI 
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poppet ; the exhaust valves plain slide ; point of 
«nt-off adjusted by the action of the governor, 
Boiler pressure iS lbs., steam pipe 6" diameter by 
150' in length, the exhaust pipe 7" diameter by 175' 
long, scale of the instrument 30 lbs. to the inch; 
work being done, driving two trains of rolls, one 
of 20", the other of 16" diameter, with the concom- 
itant and other machinery. 

It will be obserTed that the pressui'e in the cylin- 
der fell off some 10 lbs. from the initial in the 
boiler, which is easily accounted for by the great 
leugtli of the st«am pipe. The 2 lbs. back pressui'e 
may be accounted for by the excessive length of the 
exhaust pipe ; these defects are no fault of the 
engine. 

The card is a very excellent one; we rarely see its 
equal — no superiors, unless from an engine whose 
cylinder is jacketed with high steam. It will be 
Been that the lines given by the tnstnunent vary 
but little from theoretic curve. The engine was 
constructed by Messrs, Woodruff & Beach, un 
Mr. Wm. Wright's patent. 

Diagram No. 16 was taken from the top of 
cylinder of the steamer Newport; it will be reci 
nized by the engineer as very good The steam 
pressure on the boiler was by the gauge 22 lbs., 
vacuum per gauge 26". It will be seen that the 
diagram shows 20.5 lbs. The terminal point is sup- 
posed to be as should be; yet, not having the data 
to calcuUte the area of the clearance, passage-ways, 
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perfect. 

The expansion Uii«, it vill Iw iH>li<?int. io «iM»«' 
what wared, irhicb is iiK^i(l«Di h> ttii> )ii);U aiMM^l, 
high pressure, ami earlr opiMiinft *>t tltt^ vitlvtuk 

The tenninal point of tho PXjMUwton liHfl Will 
be found about 3 lbs. abavn tiin tnio llito, oikliMiitl 
by eTaporatioQ of water Uiikt wnub ovdr wlMl MlH 
eteam. 

Another and nnuHiiril point In ilm VM'y umi 
approach of the prondurn iu tho cy\ii\iU<r Ut (Iml' III 
the boiler, being hnt if, Urn. )'.««, Whi'ii w- tiilii' 
into conmderatiuii tiw npwl 'A i\Vi (rlMyrfi, 4f<f \i"t 
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■iDnto, the result is extraordinajy and Belda 
Attained. 

IHagram No. 18 ; tbeee cards were taken frol 
a Wilcox air engine, and beaatifnlly illustrate thl 
ddicate action of the Richards Indicator. Fig, IT 
is from the trorking cylinder ; the receiving linel 
shows the indnction valve to be slightly behindB 
time; the pressure gradually reduces the first of the I 
stroke, as the reservoir containing the compressed I 
sir is small, but as soon as the pump I 
deliver into the reservoir, the pressure continues I 
□niform till the induction valve dosea near the end ] 
of the stroke; the esliaust is free, and there is a 
slight compression at the end of the retnni stroke. 

Fig. 2 is from the pump, which is | of the capa- 
city of the working cylinder, and shows the gradual 
increase of pressure as the piston descends and 
compresses the air; the curves or waves at the 
point of greater pressure show the power required 
to open the eduction valve; the pressure then con- 
tinues uniform till the induction to the working 
cylinder closes, when the pressure runs up ; at the 
commencement of the return stroke of the pump 
piston, the pencil mark inclines back, showing the 
time required for the closing of the eduction valve, 
and the wave below the atmospheric shows the 
time and power for opening the induction valve. 

The working cylinder is 16" X 16" stroke^ and 
makes 70 revolutions per minute, scale 12 U 
one ittolL 
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and fitted for the occaeion under his directions by 
Mr. S. A. Hodgman, the able and efficient master 
mechanic of the shops. The engine is ontfiide con- 
nected. The diagrams were taken from the for- 
ward end of each cylinder. — Short J ' ' pipes were 
screwed into the top parts of the cyhnder covers, 
with elbows J" internal diameter pointing npwarda, 
to which the Indicators were attached. An iron 
rail was secured to the signal flag-stands on the 
narrow platform in front; a packing-box some 9" 
high served as a seat for each operator, with hia 
back to the wind, and the Indicator between his 
knees. 

The method employed for giving motion to the 
papers was very simple. A plank on each side of 
the boiler, running from the cab to the platform, 
about 3' above the cross-head, and directly over it, 
which was used for the purpose of going forward 
to oil, etc., was morticed through in the prop€ 
place, and a bracket with a hole through it I 
secure the arm to, was bolted to the plank beaii 
the mortice. A stud with a nut on it was fseteni 
to the bracket, pointing outwards horizontally, 
light arm swnng from this stud and received I 
vibratory motion from another stiid screwed into 
the side of the cross-head, working in a well-fitted 
slot in the lower end of the arm. A button-headed 
pin was inserted in this arm at about 7" behiw thd 
point of suspension, and to this was attached the 
ord leading directly to the Indicator, giving to the 
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It was axxangedwithtiM c^idom- ttiM Im sltonltt 
run at oil times vith the throttle- viklT« ftill; »)ti^n, 
gOTemingtbe speedeittti«lybychMt|!ini; tin) {xtiiti 
of cnt-ofC Everything being nmd;, Mr, n»it|t)iiAli, 
the master mechanic of the ehopn, and iiiyiolf, juk 
pared to mount tho platform. It hfiiiR Uio nmiillt 
of November, aud not being vory warm. n\\ onlia 
overcoat was put on; a pair of wuulloii (jIovhh, 
fingers amputated at tho nicond Joltif, I'^hvIiih 
enough of the linger baro tu munipuJntv Mm ItiMlni- 
ments, were found to work woll. 

Ooz first essay was with tha mgluo mill tofulfif 
tUtOkB, to see that all wan rlghi Vfa Uttik Mt»M«l 
diagram^ both on Uie ftmrard awl iMukwiuA mh 
tuna. W« foaad tint ralrm rtmMiutAf ir«ll awl 
B TSo. 19 is on* of • |iair tW wirfir jihImw 
j; ifa«t 30 tkOw |Mr llMw; WMrt^Mf 
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showa how nearly the two actions correspond. Its 
mate from the right-hand cylinder is a perfect iao- ' 
simile of the one we engrave. In tiiking these cards, 
the throttle was quite open. Pressure of steam not 
noted. The scale of the instmmeut 40 to the inch. 
During these preliminary eiperiments, an unfortu- 
nate accident happened to one of the iustrumeuts 
by breaking a spring. Not having an extra 40 
spring, we substituted a 30 spring in each instru- 
ment, and that we might get sufficient range, wo 
put washers between the end of the spring and the 
piston, of suf&cient thickness to carry the piston 
down to the vacuum line, thereby giving us a scope 
of 15 lbs. more, and sufficient to answer the require- 
ments for 105 lbs. pressure in the cylinders. I men- 
tion this for the reason that should the young 
engineer meet with a similar mishap, he may be 
posted on the subject. The delay caused by this 
mishap preventedus from carrying out aprogramrae 
we had made previonsly. At 4 p. m. the express 
train arrived from Baltimore, which it had been 
arranged for us to take to Philadelphia. We took 
diagrams at speeds varying from 30 to 60 or more 
miles per hour, with great facility, at fuU stroke, and 
cutting off at various points. In consequence of 
our weak springs, our experiments were limited in 
pressure to 105 Iba., hence we could not maintain 
ipeed when cutting off short. 
Diagram No. 20, scale 30 to the inch from the 
right hand cylinder, cutting off at about one fourth 
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Btroke, waa taken at 60 miles per hour, piston making 
1,222 feet per minute, 305.46 revolutions. Notwith- 
standing this estraorilinary speed of piston, the 
lines are all weU defined, showing distinctly the 
points of cut-oEf and release. A remarkable point 
in the diagram is, that though the pencil passed 
over it certainly twice or more, the lines are 
very near to each other, showing that even under 
this unprecedented speed of piston the instrument 
■was uniform and reliable in its action. This is not 
a selected diagram ; all others taken on the trip 
show the same characteristics 

Diagram No. 21, same scale, from the left-hand 
cylinder, cutting off one notch shorter, with a, higher 
pressure of steam, taken next after the foregoing, 
exhibits the same general features, though taken 
under a higher speed. 

Diagram No. 22, same scale, was nest taken, 
working full stroke, with, as will be seen, thi-ottle 
full open ; the speed increasing to anch a degree 
that the engineer thought it prudent to put on } 
cut-off. 

This, as do all the other diagrams taken fi-om the 
engine, shows most marked points in the consti'uc- 
tion and setting of the valves; notwithstanding the 
great speed, the steam hne is held uniform to the 
points of release. The eshaust line is all that can 
be desired. The back pressure is merely nominal, 
the eshanst nozzles being 4 J" each. In getting the 
diatoms, the writer waa ably seconded hj My. 
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Hodgman, n-ho, though it was his fii^ atlempti 
taking diagrams, waa remarkably efScient and 
rect, * ' 

We have spoken of the accnracy of the valTfi- 
setting. These valves were set wholly by marks 
on the wheels, slides, and valve-rods, with steaiu 
on, and of course valve-chest covered, which is the 
only method by which they can be correctly set, 
owing to the expansion of the porta by heat. 

We wonld here refer the engineer who wishes to 
be well informed on the important art of valve- 
Betting, to a very excellent work on the elide valva 
and link motion by Mr. W. S. Auchincloss, recently 
published by D. Van Nostrand, 23 Murray-street, 
Kew York, which is the result of great research and 
practical experience; from which we copy: 

"how to an & sLioa tai.vx batiho equalized ' 

£X3AUfiTp 

" 1. Place the crank at the 180° location, mark 
on the cross-head and one of its guides opposing 
' centre punch ' points, 

"2. Bring the crank to the zero and mark a se- 
cond point on the guide. The two points thus 
found, measure the length of the stroke. Move the 
eccentric until the valve has the required lead for 
the forward stroke. 

"8. Advance the crank in the direction of the 
motion until the exhaust of the opposite stroke 



r BIOHAKDS STEAU-EMQINE INDIOATOB. 79 

closes ; scribe a line across the guide whicli shall 
pass through the point on the cross-head, 

" i. Move the crank until the other exhaust closes 
and ecribe a second line od the guide. 

" 5. If now the exhaust should close at equal dis- 
tances from the commencement of each stroke, the 
motion would be in adjustment; if not, alter the 
length of the eccentric rod untU the closure becomes 
equalized, then return the crank to the zero posi- 
tion, and alter the angular advance of the eccentric 
nntil the required lead of the forward stroke is 



" The position of the valve at the moment of 
doBure may readily be fixed by means of a ' valve 
gaage ' fitting centre punch points on the valve 
stem and its stuffing box. 

"The above process will serve also to equalize 
the cut-o£F if the valve be proportioned for this 
ft, object." 

■ The trip was not without its discomforts, however 
■PiccesBfal it might have been, being accomplished 
6n a November afternoon, with rather a low ther- 
mometer ; with nothing at our backs to break off 
the wind, with low seats and otherwise constrained 
positions, we at the conclusion of our trip found 
cmrselTes somewhat cold and a little stiff. Had it 
been a summer day, this source of discomfort would 
not have been, and we should have enjoyed the 
excitement of our trip much. 
80 far as it is known to the writer, the above is 
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tlM SrA soccessfol application of the Indicator to 
m iacomotin, wbem making a regular trip db ^^ 
rami, in tUa eoaatrj. It h quite certain that tl 
is no ltt£e«toi known bat the Richards, thnt cnu 
ba saooeesfdDj used lai the purpose. We will cod- 
dade mtlt lb. Porter's conclading paragraphs oi 
ba "Bide cu a BnSa-Beam :" 

" ^Rmm dugiama are takea under fewer difficul- 
ties than voold be st first imagined, if the neatbei 
is plf nant. and tbe proper proTision is made foi 
Ihtt comfott tatd wcaritv of the operators. Tbe 
prindpsl difficnttj' is from the wind, whicli, at very 
hi^ s|>««d. approaches more nearly to a horricane 
lluui auytlting tbat one is able to esperience in this 
latituiie in vaj oUier way, and tbe labor of resist- 
ing it bsooiD«a qoite wearisome, if the operator is 
not soaMvbat protected from its force. No nn- 
pl«aaaBt waaation whatever is produced b7 tlie 
t^pid motion, tlifl passing of trains is scarcely ob- 
MrT«d, and if no accident happens, there is no 
danger more than in the carriages. Good TratOtet 
is eaaeatial to the satisfactoi? accomplislimeBt ol 
the objeota of eaoh an excnrsitm." 
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If the areas of larger cylinderB are reqaired, they 
will be founcl by the following Rule : — Miiltiply the 
square of the diameter by the decimal .78f)4, and 
Ibe product ^rill he the area in aqoare inches ; 
or, multiply half the citcumferenca by half the 
dinmeter. 
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^4 BICHABCa STE&U-ENQIN£ INDIOATUE. ^H 

"We insert the Table No. V, uot for general use in 
tietermiiimg the mean pressure, as we have seeu in 
■the example ou page 62, that another elomont, the 
■clearance, has to be taken into account to get a cor- 
rect result. Now, it is seldom we can get at the 
drawings or patterns to get the measurement of the 
-clearance, hence we must seek some other mode. 

"We can easily find if the engine ia tight or not, by 
taking o£f the cylinder cover, putting the engine on 
the half stroke, blocking the lly-wheel, and letting 
steam on the opposite side of the piston. Suppose 
we find it tight in valves and piston, we then replace 
the cover and take some diagrams, and find the 
mean by measurement, as directed on page G2. We 
then refer to the table for the mean pressure, which 
will be found too low when compared with the result 
by measurement. Then, this excess given by meaa- 
nrement over the table is approximately the clear- 
ance. 

The editor is responsible for the above. He is 
aware that it is, at best, but an approximation, owing 
to the condition of the steam, whether wet or dry, 
influenced, also, by the point of cut-off, pressure of 
flteam, et«. The engineer has to adopt thia mode, 
ox guess, or he may avail himself of both. 

Where time and cii-cum stances permit, the cleor- 
jince may be accurately found, if the piston is tight, 
as foUows; Put the engine on the centre, remove 
the cover of the valve chest, uncover the steftm- 
jort on the end where the piston is, and pour in. 



■water until it is filled level with the valve neat; wait 
a few minutes, and if it maintains its level we know 
It is tight; then draw off the water, measure oi' 
w^eigh it, reduce it to cubic inches, and we have it 
exactly. Should the piston leak, we remove it out 
of our way; crit a aegmont from soft vpood of suffi- 
cient length and width, to cover the port at its 
entrance to the cylinder, fasten it in its place, and 
fill with water as above. To this must be added 
the clearance between piston, whan on the centre 
and cover. 

Again, the clearance being known and added, 
we compute them by measurement. If the mean 
preaaure falls short of that, we know that there i» 
4 leak in the exhaust valves or piston. If it over- 
mns that, we know the cut-off valves leak. Hence 
the utility of the table is to make those point» 
manifest.* 
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APPENDIX 



USEFUL INFORMATION. 

Oement for Steam Joints. 

Take m qaantitT of pure red lead, put it ia no 
inm mortar or on a block or thick plate of iron. 
Ptat A quantity of pure white lead ground in oil ; 
them together tmtil vou make a thick pattj, 
poind it ; the more it is pounded the softer it 
win berome. Boll in red lead and pound tigain ; 
iqpeat the operation, adding reil lead and pound- 
ing nntn the mass becomes a good stiff putty. In 
appLjing it to the flange, it is well to put a thin 
gmmmet azonnd the orifice of the pipe to prevent 
the eement being forced inward to the pipe when 
the boliB are screwed up. The more pounding the 
better. 

Another, to be used when the flanges are not 
faced : Make the above mass rather soft and add 
cast-iron borings, pounding in thoroughly until it is 
sufficiently soft to spread. 

Both the above are the most durable cements 
known to the engineer. They will resist fire and 
Mt in water. 
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Another (Eaglish), said to be very good : Tahfl 
10 lbs. ground litharge, 4 lbs. ground Paris white, 
J lb. yellow ochre, } oz. of hemp cut into lengths of 
J''; mis all together with boiled linseed oil to the 
couEiBteuce of a stiff putty. Besists fire and wiU 
set in water. [Pounding would improTS it. — Ed.] 

A Good Dressing /or Leather Belts. 

One part of beef kidney tallow and two parts of 
castor oil, well mixed and apphed warm. It will 
be well to moisten the belt before applying it. 

No rats or other vermin will touch a belt after 
one application of the oil. It makes the belt soft, 
and has sof&cient gum in it to give a good adhesive 
surface to hold well without being sticky. 

A belt with a given tension will drive 34 per cent. 
more with the grain or hair side to the pulley than 
the flesh or rough side. 

Rules /or Calculatiiig Belting, 

This is one of the most difficult problems the 
engineer has to solve. There are so many different 
conditions attending the couveying of power by belts 
that no definiU'. rule can be given. I have found, 
however, that where the conditions are fair to mid- 
dhng, that a belt one inch wide, running 800 feet 
per minute, is equal to one horse jxiwer. Increased 
width in proportion. This ivill do the work under 
a safe and proper tension. There are eon<1itioDB, 
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■however, which laiglit require double the above 
width or speed. 

How to make bells run on the centres of pulleys. 

It often happens that a belt will persist in rnn- 
i one side of the pullay. 
I In this case one or more things cau»e it. First, 
r both of them may bo conical, and of couraa 
ite belt would run on the higher side. Second, the 
sbafts may not bo parallel ; in this case the belt 
would inchne o£^ on the side towards where tha 
ends of the shaft are nearest to each other. The 
remedy in this case is, to make them parallel to 
each other by carrying the ends of the shaft towards 
which the belt incUnea, farther apart. 

In giving mleafor calculating the horse -power of 
belta, we wonld not be understood as saying that a 
belt will not do more than the rule would give ; on 
the contrary, we know that double and even more 
power may be transmitted by them by a sufficient 
tenaion, which would create u ruinoua amount of 
friction and a speedy destrnction of the belt. We 
would be understood to say that the rnles give data 
for a belt that will rnn with a moderate and safe 
tension. The attempt often made to calculate the 
work that a belt of given width and travel in feet 
per minnte without any known tension is doing, or 

ris very hka comparing the size of a pebble- 
) a. piece of chalk. The Indicator tests that 
_ 
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The practice of putting an idler against a belt to 
make it drive is a most pernicious one, destructive 
alike to the belt and power ; its only merit la to 
disgmse bad engineering;. ^M 

Measuring Steam used for heating. ^| 

Tbe engineer is often called to detennino the 
amount of steam that I9 used to heat apartments, 
liquids, etc. This the Indicator does not reveal 
directly, no farther than it shows how much steam 
it requires for a horse-power ; varied, of course, by 
the point of cut-off and its efficiency. 

Under these circumstances we have followed the 
rule of Watt, which is to allow one cubic foot of 
water per hour for each horeo-power ; hence we 
measure the water condensed in the heating 'pipes 
in a given time, and estimate accordingly. 

If it is inconvenient to reduce the water to cubic 
feet, it may be weighed, allowing 62.6 lbs. to the 
cubic foot, or it may be measured by the gallon, or 
7.48 gallons per cubic foot. 

When the steam pipe enters the vessel and it dis- 
charges the steam directly into the liquid to be 
heated, the water then cannot be caught to be 
measored ; in that case we measure the increment 
of its contents, and thereby find the quantity of 
Bteam c ~ 
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Condensation of pipes and coils. 

Steam pipes in the ordinary circulation, Bnoh as 
are iiaed to warm buildings, when one or more run 
around the sidea of the apartment, having and 
maintaining a temperature of 60**, will condense 
.357 lbs. of water per hour for each square foot of 
surface of pipe. 

A coil maintaining the same temperatui-e wUl 
condense .29 Iba. per hour per square foot of sur- 
face. 

The radiativg surface of steam pipe required to warm 
buildingx and apartments. 

This varies in consequence of the character of the 
J<«tructures, the espOHure, the quantity of glass, 
the use the space required to be heated is put to, 
LjdiiDate, etc. 

In the city of New York the data of calculation, 
Hiodified by the above-mentioned circumstances, ia 
iihis : 

For dwellings — when the pipes in form of a coil 
are placed in the cellar and supplied with ah- from 
outside — one square foot of pipe surface to 50 cubic 
feet of apartment to be warmed. 

When the coU is placed in the apartment, one 
l^nare foot of surface of pipe to 65 cubic feet of 

a stores and warehouses, one stguaie foot of pipe 
we to 176 to 200 cubic feet 
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Id workshops, one sqnsre foot of pipe surface to 
100 cnbic feet of space. 

Heating with exhaust steam is of qaestionable 
economy. It ia not economical, certainly, when 
TUed in small pipes, in conseqnence of the power 
reqaired to force the steam through them. We 
have seen exhaast steam used economically in work- 
shops and factories where it is permissible to use 
large cast-iron pipes, which present so mtich less 
friction sor^e in proportion to the area, that the 
power used to force the steam into them shows but 
a small back pressure on the engine — lorljlbs. per 
Bqoare inch — if the pipes are of sufficient size and 
properly arranged. We have found the following 
to wort well in practice : 

We use for the smallest, flanged pipe, without re- 
gard to the size of the engine, i" diameter. If it 
is required to be over 75 feet in length, we nse 5" ; 
if over 100 feet, we use 6". 

The pipes should be ^ thick, with flanges at 
least 4t inches larger than the outside diameter of 
the pipe. 

These flanges should be faced so as to have a fair 
bearing over the whole surface, and when faced, not 
less than J" thick, fastened with five bolts, I" diame- 
ter. We place them, when practicable, around the 
walla of the room, near the floor, on the sides most 
exposed, giving them an inclination of not less than 
one inch in ten feet ; for our joints, the cement No. 1 
(rubber not permissible). 
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The main exhaust pipe we carry out of the build* 
ing, without reference to our heating pipes, except 
to have a nozzle to carry off steam to the highest 
end of the heating pipe. Should there be one or 
more rooms above or below, separate pipes from 
the main should be led off in the same way. The 
drain pipes should be at the lowest end of the pipe, 
and J" to £" diameter. If it is desirable to let 
only water escape, a siphon may be fixed to the 
end of the tail pipe, with legs of sufijcient length 
to overbalance the steam pressure, yet leaving the 
water by its superior gravity to escape. 

The supports should be firmly fixed to the wall, 
in perfect line with each other, that there be na 
bend or low place for the water to collect, which 
would inevitably destroy the pipe. 

We have used a system of pipes arranged agF 
above, for eight years, without the least attention 
to them. Not a joint has leaked. 

Since the publication of the first editiou, 1 have 
seen exhaust steam used in 11' pipes with good re- 
sult, and with but little back pressure. The arrange- 
ment was to take the steam off the main 2)ipe into 
4 — H" pipe, from the right and left side, carried 
around on each side of the rooms. At the termina- 
tion of each coil, a pipe 2" diameter carried off the 
water and uncondensed steam. The back pressure 
shown was less than 2 lbs. 

M 18 7iol 8c/e to aUoic steam pipes in contact with 
wood. 
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Ffllttc 0^ Pea and Dust Coal, as compaTsd wiih Ivmp 
of good me}vhanlai)le qualily, icith a blagt induced 
by " Jtaucoclc's Sfeain Blou-er." 

2,000 Iba. of pea and dust, the screeninga from 
the toal-yards, have been found eqna! to 1,600 lbs. 
of lump. This ie a result of several weeka' trial 
with the same engine and boiler doing the same 
work. 

Gauge glasses, when required to be cleaned, 
should have a wooden awab-etick. A metallic one 
will cs.w&ei the tube to fall to pieces inevitably, and 
sometimes immediately. 

Value of Cumberland coal as compared with 
anthracite. Two tons (4,000 Ibe.) of anthracite 
furnished steam for an engine seven days. The 
same amount of Camberland served the same 
engine, everytbiug else the same, eight days. 

Tbis experiment was continued with alternate 
changes for two montlis. 

Boiler, locomotive type, with natural draft. 



When there are indications of an estraordinaiy 
corrosion of the steam-boiler and its fittings, the 
gauge-cocks and valves leak. Acid is suspect«d. 
Test it by putting into a sample of the water a strip 
of htmus paper ; it acid is present, the pui-ple paper 
will be changed to red. 
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To ascertain if iron is in solution, put into the 
samples a few grains of tannic acid ; if iron is 
present, it will immediately become a dark purple or 
black. 

The writer has found two cases where the wellfip 
that supplied steam-boilers were poisoned by the 
spent pickle finding its way into the wells, thence to 
the boilers, and was detected as above. The iron 
(sulphate) was so abundant, when a proper quantity 
of tannin was put in, it formed a sufficient ink so 
that the report of the examination was written with 
it. F. W. B. 

Water when converted into steam can heat about 
6 times its own weight of well water to 212° Fahr. 

James Watt. 

Sir Wm. Fairbairn found, by a series of experi- 
ments, that in constructing internal flues for boilers^ 
when the pressure was from outward to the center 
(centripetal), that as the length was increased, the 
thickness of plate must be increased in direct pro- 
portion. That is, if ^inch plate was right for a 
10 ft. length, if the flue was 20 ft. in length, the 
plate must be | inch to stand the same pressure. 

Dressing for an Emery Wheel, to givr a fair jxdiish, m\j 
such as is usual on cai^enter's tools. 

The tool has been surfaced on a wheel covered 
with No. 60 emerv. Take another wheel covered. 



154 KICH,\RDS' HTBAM-ENO 

with Batne No,, tisd mb on a composition of floor, 
emery »ud beeswax. Set tbe wheel miming and 
bull! ou a dint ; again rub od tbe composition and 
ugaiu the tlint, untU it gives the polish required. 

To make tbe composition, melt tbe wax with a 
gentle bout ; stii' tbe emery in tintil it is thick ; 
remove the heat, and keep up tbe stirring tmtil it is 
flO cool that tbe emery wou't fall to the bottom. 

Tbe wheel must be kept nicely balanced, or tbo 
poliab wUl be cloudy. F. W- ~ 



To ffxA OJfn nu Bearing. 



1 



Take off the top box, nnd wbile the shaft is slowly 
turning, put on white-lead ground in oil from tbe 
lieg. When tbe lead is seen coating tbe bearing as 
it turns slowly, it shows tbat tbe lead has interposed 
itaelf Ijetwecn the two surfaces and will cool down, 
when tbe ordinaiy lubricant may be resumed. 

F. W. R 

Water, Scales the Boilei: Lime ii suspected. 

Test. — Into a tumbler containing the suspect 
vater put 8 or 10 grains of oxalic acid ; if lime is 
present, the water will become milky, and after 
standing quiet awbile, tbe lime mil be precipitated 
{oxalate of lime). 

Should the precipitate not sbow itself, add a little 
ammonia, which is a more delicate teat. If no pre^ 
fiipitate is shown, it is not lime tbat forms the 

F.W. BL. 



i 
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Far CalcuUding the Horse-powers of a Given Quantitx/ 
of Waler in a Given Time, 7,000,000 gallons of Water 
passing through the Turbine in 60 hours. 

Rule.— Multiply the fall in feet by .3682. The 
product is the horse -powers, net. This is a unit. If 
there is more or less water, or more or less time, the 
liorse-power developed will be more or less in direct 
proportion. 

From testimony of J. B. Francis, C. E. 

Anothbb Rule. — 8.8 cubic feet of water per second 
falling one foot is equal to one horse-power. 

From testimony of C. Hebschel, C. E, 

The Inspirator 

tsuppHes the steam-boiler with water cheaper than the 
steam-pump. F. W. B. 

Memorandum. 

It is bad practice to pack the joints of steam- 
chests, cylinder-heads, etc., with rubber ; in fact, any- 
joint that is exposed to heat, as the sulphur used in 
volcanizing, disintegrates the cast iron and erodes 
the bolts inevitably in tim*\ It may be tolerated in 
the manhole of the boiler. F. W. B. 
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BICHARUS-TIIOMPSON 

ITEAM-ENGINE INDICATOR. 



rHE GODstant demand for high piston speed of 
att^tionary and locomotive engines, has outrun 
]e capacity even of the Richards instiiuuent, itnd 
!ndered it imperative, if we would have a correct 
isult, that an instrument be produced that would 
leet the call. Therefore, "necessity being the 
lother of invention, " the patentee has given us the 
iBtmnieut which is all that can be desired. It is 
elieved that it wOl give correct results under any 
^(ainable speed of a Hteam-engine. It will be ob- 
iired that Mr. Tliomijson's improvement mainly 
luiaista in reducing the weight 43.65 per cent of 
le parallel motion, by reducing the number of 
fbratlDg pieces, thereby reducing the tendency to 
Uke wavy lines in both steam and expansion. By 
^ new arrangement the instrument is lighter and 
KMre compact, qualities that will be fully appreciated 
y the engineer. 

159 
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With the«e improvements, and tiie fiunlHa^ff ^ 
vided for the attachment of the instrnment, it i 
obviou« that the engineer in charge ahoxdd be edn 
cated to its nse, and required to make weekly report 
of power indicated and fuel expended. 

The Indicator is the lif^ht to the engmees'a eve 
without it he gropes in the dark ; he can't set hi 
valves correctly ; he has no mode of mewmrmg tli 
power even approximately without it ; hi^ice h& ea 
make no comparative test of fuel used azid powt 
eliminated ; he may be burning 10 or 15 Ib& of coi 
per hour per horse-power, when he ahoxdd ham. bi 
2J tr> 3 lbs. per hour per horse-power ; a most aeai 
dalons and wicked waste of fueL 

The locomotive presents a great field for its appl 
cation, thotBgh as yet but partially cultivated. lli« 
master mechanics who have had the courage to app^ 
it, and have followed its indications, have show 
mofirt carious results, which have prompted a ehanc 
in valve gear, valve settings, enlargements of pcHi 
and thoroughfares, an increase in the areas of no 
zles, etc* 

The following diagram (No. 1), taken by J. i 
Lauder, F^q., M. M., of the Northern (N. H.) Bai 
road, is one of the many taken from engines nnd< 
his charge, which he has kindly furnished me ; it : 
not an exceptional one. It will, however, be hard i 
find its superior. To attain this excellence, he fo 
lowed the dictation of the Indicator. Its mate froi 
the other end is AfaC'Simile. 
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The LocoMOTTYB, Mooui. Pattebs, of the foUowisfr 
rlescriptioii : 

WOOD BCRNEB. 

(^ylindera, 17 X 24 in, ; diameter of wheel, 54 in- ; 
ailmifwion porta, 16xli in.; exhaust ports, 16x2| 
in.; (intaide lap, ^ in.; inside lap, ^ in-; ti-avel of 
»alve, 5 in.; lead fall gear, ^ in.; boiler piessore. 
130 ll>8.; cnttiug off at 12 in.; esbanst nozzles, two. 
;i in, ili«meter ; reyolations, 50 per minnte ; scale of 
inHtraiuent, 60 to one inch. 

DIAGRAM NO, 2 

IB introduced lo Bupplj information to beginners, who 
will sonietimee, when getting diagrams from engines 
withoat any or but little load, find the espanaion 
curve ffdl below th« atmospheric line, showing a 
partial vacuum behind the piston, and are often at 
loBH how to accuunt for, or what to do with it. 
The writer doea not remember having seen it men- 
tioned in any of the books, and having known of 
Home raiher ridicolouH blonders made in disposing 
of it, ventures to take it np and explain it, though it 
may seem to the expert unnecessary. 

This " loui} bulow " is mndo by the advancing piston 
passing the point due to reducing the volume of steam 
by expansion to the atmospheric pressure — at that 
point the expan8ion-cui-\-e crosses the atmospheric 
line, and might, under certain circumstances, create 
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nearly a perfect vacaom, were it not for the presence 
of water, which re-evaporates and partially fills the 
space. 

In treating* this loop, it mast be measured out, the 
same as any back or negative pressure. It don't 
suffice not to measure it in — measure the diagram 
vdthont including it, then measure it, and deduct it 
from the sum of first measurement. This ** loop *' 
incidentally serves a very important puri)ose, inso- 
much as its presence shows that there is no leak 
either in the valves or piston. 



RICHARDS-THOMPSON INDICATOR. 165 

The following diagi-am (No. 3) is introduced as 
one of the most perfect that is obtained from a high- 
pressure, 'non-condensing engine. It was taken with 
the Thompson Indicator, actuated by the Panto- 
graph, from "27ie Brown'* CQgine, 16" x 42" x 60 
revolutions, exhibited at the Fair of the Massachu- 
setts Charitable Mechanic Association. Wlien we 
consider the speed of the pis(.on, 420 ft. per minute, 
the steam pressure, 67 lbs., scale 40, we think un- 
commonly perfect lines are shown, especially the 
steam hne and expansion curve. It shows also a 
most prompt and perfect action of the admission and 
eduction valves ; the point of cut-off is sharp, 
decided, and immistakable, qualities that will be 

fully appreciated by the engineer. 

It is one of many hundred diagrams taken by 

the writer from the engine during the exhibition, 

all with the same characteristics. 

Should any one wish to make the theoretic curve 

ctround the diagram, we give in addition to the above 

^ta the clearance, 2^ per cent. 
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I For reducing the matiou of the piston to tbe 
Xeqoired length of the (Uagi-Mu, there are many 
devices. The one moat in nae is a strip of board 
gnspended from the ceihug above, or carried off 
horizontallj', as ci renin stances dictate, and it often 
reqnirea considerable ingenuity to effect it without 
too much coat and delay. The pendulum should be 
not less than o«'' and one-half the length of the piston- 
stroke from the point of suspeasion to the point of 
^■.ftttochment to the cross-head ; if longer, siiy twice 
^■Bie length of the stroke, it is better. 
^H To find the point of attachment of the hne lending 
^Vtioff to the indicator, the follotving is the 
H Rui£. — Divide the length of pistou-stroke in iuches 
^^ hj the required length of the diagram ; diiide the 
Iffligtb of the pendulum in inches by the above quo- 
tient, and Ihi* quotient is the distance in inches from 
the point of suspension to the point of attachment 
of the lino, approximately. 

Exampij:. — Stroke of piston, 36 '. Length of re- 
quired diagram, 4.5". Length of pendulum, 54". 



Then t 
' Ot, 



= 8. 54^8 = 6.75. 
4.5 ) 36.0 ( 8 



3 ) 54 { ().75" from point of suspension to 
48 attachment of line. 




I id Oe node of g^n^H 
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Bce t B —r y. » eonpact asd por 

able, being wben folded ■boot 18" hu^ hy 3" xS 
It w known m the Jitdieabir Panlogr^ilL It is fia 
OMhed with or withral the iiutnnncmt, wbei 
Inquired. It is an i^ veD-knonm device, apfdiei 

b> a mm parpone. 

If the Inilicator i» applied to the side of the cyUn 
der, it enablea us to use short cords, withoat the as 
of carrying pullejs to lead the cord to the Indicatoi 
We woald adviiie the operator to use the braidei 
cord, ao it jti for less elastic. 

A iiiedul was awarded to the Indicator Fantograpl 
lit the liit« Mechanics' Fair of Massachusetts. 

Hinw; thd second edition of the Treatise was pub 
Hfflied, an iustrument for measuring and compotini 
«lia((rainH lias been introduced. It can be used alsc 



any 



other 



Witbio it« compass. It in known as 



regnlar or regular i 
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Its UHe greatly diminislies liability to error; and 
the great aid it affords to the quick aud accoi'ate 
eompiitatiou of Jiagranis, renders its use indispensR- 
ble, especially to engineer experts who are employeii 
to make special tests of long duration, where a thou- 
sand, more or less, of diagraius are to be calculated. 
Also to the ordinary engineer who tiakes indicator 
cards for the purpose of adjusting his valves and 
calculating the power of his engine ; no matter what 
the shape of the diagram is, whether the lines aud 
curves are straight or jagged, waving or serrated, 
the instrument follows them accurately and gives a 
correct measurement. 

It will be seen by the engraving thut the instni- 
Tuent has two legs, with a joint at the top like a pair 
of dividers, with the rightr-hand leg shorter than ita 
mate ; to the shoi-t leg is attached a cyHnder C, with 
a projecting flange, which revolves freely on it8 axis, 
The cylinder is divided into ten grand divisions, and 
marked 1— 2— 3—4— 5— IJ— 7— 8— 9—0. Now as 
the wheel rolls around, each one of these divisions 
represent one square inch. Each one of these grand 
divisions is subdivided into ten spaces representing 
one lenih of a square inch. But this is not fine 
enough ; we want to measure hundredths. To effect 
this, we use the Vernier sc'ole, which in this case is a 
segment of a circle, same diameter as the cylinder, 
whose edges are put in juxtaixisition with each othei-, 
but allowing the latter to revolve without touciung. 
This segment has <ine grand division just con-espond- 
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fo nine of the suMivisions on the cyliuder. This 
grand diviaiou is subdivided into ten spaces, and 
marked — 5—10. This segment is firmly fixed to 
the head of the inatruiuent, so that the edge of it 
exactly corresponds with the edge of the revolving- 
cylinder. It is called the Vernier scale. With these 
relative positions, the graduations come opposita 
each other, but as the spaces are not the same on 
each, it is evident that but one mark on each can bo 
opposite. 



HOW TO USE THE IMSTRU.MENT. 

L Fasten the diagi'am to your drawing-board by pina 

I springs ; alongside of it a half-sheet of fine 

ized paper for the wheel of the instmment to move 

Place the needle-point ^ at a proper point on 

e paper and the tracer /f on a marked point of the 

iltlino of diagram D; theu raise the wheel C and 

1 it until on the cylindei- corresponds with 

a the vernier £, press lightly with a finger of the 

ft hand on the poiut A, and with the fingers of tlie 

^ht hand take hold of the top of the tracer B, and 

refolly follow the lino in the direction of the hands 

f a watch until it reaches the starting-point. We 

joV read the instrument. We find that on the 

rimder has passed on hom on E. and 2 has passed 

We write 2 (2 inches). We follow it by seeing 

r mach 2 has passed. We find it shows four 

irka on the cylinder and a little more. We write 



r'^'J^ .^wti4Ssei^^ j^ijiSk'^:^ ynwarPHi 



^ «^iU«M «r *-, "V » .inir liiAk: fta ii= mack m. "tie 
•v'liirUii' tiiM^ •.-vr^^wijAititu vitti )iuf' )(H *■!» "^V^murZ 
>.t -*iitt t;^^**. Ti* hui ~*.w ■i*»f*niiil juu*^ frran. ^^-Tziiiir ♦ 
•.V Ma>)yvtiiu ti'jx \ iijii-r* ui "lift n;tiiiii£«: W*^ vr^tst 
i v*^u.jf -f .. V'li* ••mtiutf "tiHJi J* 'trask, '1,42, sspiur** 
tuiju\» tv.v-v *y c*.JU>;/.Tiu. "^ * mw jiefUfiirB "tm Iftamrii 

i.v.»t r'v.*tiv w 'iv.}5 «;u*»*. i* "^'Jll' IndlttJt W-1 Oil W • finite 
f.^,\S vt'. .•••,..*.;,. r '/n *;..:. VAiVi '.^ lilt* Hlifii«t|l?T|^ Tilil!il 
i^^, [fis^m. 'lit*, ii'ifff ;•: t^j«J.Jt : 

IH. 150 ]\m., mean pressure. 

2.42 !- 'I : A\m X :J() = 18.15. 

N. Ji — If ill" (lia^fniin hIiouM measure more or 
loRH Mum four itiohcH iti Irnj^tb, divide by what it 
may l)o ; no alno with tho itidiontor scale, multiply 
by what i(> t>. 

Xf tbo (l^ui^^ to ho n\o.*)^uiHHl is a plan drawn to a 
J, wo pi\>o<^Hl a« rthoYO to ^>t the square inches ; 
Ind in H\\H <^^^ tho reading to be nine square 
2*, our soialo i?* ono inch to one foot> which is 
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one-twelfth size ; to raise this to fiiU size, we multi- 
ply the reading by the square of the ratio, thus : 
12 X 12 = 144 X 9 = 1296 square inches fuU size. 
Same in all other scales. Square the denominator and 
muUiply the product t)y the reading ; the product is 
full size in square inches. 

In giving in the foregoing direction how to read 
the record of the instrument, we have supposed that 
the operator was not familiar with the Vernier scale, 
hence we advised him to put and to correspond ; 
this is iHght, though not necessary. 

For Example : The instrument is in place, the 
reading is 1.14, the tracer is carried around the out- 
lines as directed, and the reading is 3.56 ; now we 
subtract the first reading from the second, thus : 

3.5G - 1.14 = 2.42 3.56 

1.14 



2.42 

This the learner will soon get familiar with. 

THE CARE OF THE INSTRUMENT. 

It is exceedingly dehcate ; it will not bear banging 
like a horse-shoe, nor suffered to become foul. Care 
must be taken that the roller-wheel revolves perfectly 
free and yet no looseness in its pivots, the same in all 
the joints. Take great care that the roller-wheel 
and vernier-scale don't get rusty or foul with dirt. 
Oil the movable points with porpoise oil and none 
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Vfttih iUt*. iiSntyo, tU^^ripiiou and examples 
^t$i miiiU ihid i'4i\rMUii'in^ Uie diagi*am is redn 
I'Im< iMlhhfiMiM of iimo and maximum of ao 
Wm dlNpiMiNii wiili Miff iiHo of tli<; parallel ml 
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tin or more raeasuremenU, witli adding np a loQg 
eolimm of fignres and the required diyisions, to get 
ft donbtfal result at best, and substitute the described 
'manipulation of the iDstrnmeiit ; Dot« its reading, 
and by the use of fourteen figureft get a positively 

^ accurate result, , 

DIRECnoXS. I 

Before taking the diagram, shut off the supply of 

whatever Inbricaut is used in the cylinder of the 

engine, which is usujUIv some gummy oil or other 

^TiUainous compound, that gums the pistoo and 

(cylinder of the insti-nment, rendering its action 

l:dall, showing curves where there should be angles, 

ind retardii^ its fi'ee action generaUy. 

Oil the piston of the instrument often when in ns^ j 
md see that the cylinder is smooth and clean, for I 
1 these points depend largely the integrity of its 
a and cortectness of the diagrams. 

TO SELECT A SPRINQ FOR A GIVEN PRESSURE. 

Bulb. — Divide the boiler {iresBure by 2.5 j tll8 
Bqnotient ia the proper number of spring. 

ExjUIFle. — Boiler pressure, 76 lbs. -j- 2.5 : 

B good practice to nee as low number as will do 
wian the pressure, so as to get the diagram on a large 
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Another edition, the foaMh, of this work is called (or, 
which indiealta lh*t our working engineers are becoming 
edncsCed in the nse of the Indicator to their great advantage 
and Uie interest of their employers, vhf. as a rule, appreciate 
the great ad»an- 
tugcs made man- 
ifest and tangi- 
ble bj its iDtelli- 
gent use. Com- 
bined with the 
Puirbanks Scale 
it shows them 
imerringly bow 
much power they 
get for a dollar 
from the Tari'ius ' 
Itinds of fuels in 

In our thinl 
edition, page 1G8, 



general «-i 
which is shr™ ij 
intheeugraviiu' 
It is sliown to >>i 
connected with 
the old-style hor- 
izontal croas- 
head, links held 
fast by the lock- 
nut of the gib 
adjusting <icrew 
It will be seen that 
expiuided or contracted in its opening from to S}i", 80 
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link IS by Its joints capable of being 
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tho smftllest adjusting 


or other screw. There are soma nM 
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use of ill its applica- 
tion under tho va- 










rious kinds of en- 
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have never seen an 






engine that we could 






not get an attach- 






ment with it in ten 






minutes. This link 












small, simple affair, " 












the pocket, and is 1 
aqually convenient 










and useful with the 






ordinary mode of 






reducing the mot ion 






as with the panto- 
graph. The link al^ 
fachment is applic- 
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oscillating. It is 
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Patent Pjkto- 
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the facilities fur- 
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from the crosshead S 
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or other proper h. 
point, still another 1 
difficulty oftpn oc- 






curs which gives us 


^^ m^^^^ V 




more, or less trouble 






to manage, and that is 


to lead the line off in the proper direc 




tion so as to give a correct result. Steam-pipes, eihauat-pipQ( 
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I vilbout too man; 
carrying pulleys tir 
channg the lines, 
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erent hn avoidtd it 
we would have eor- 
iflet resnlta. liiip- 

Eily thepalentei' hiis 
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■cuts will allow. 
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Original Thomi>s( 

riiows (he awivi 



the right or left, hi 
the pulleys reiiiHi 
Dpright, whieh 
BOmetiraes exceed- 




swivel-baso is shi 
attached in Fig 3. 
and detached iiiFli;. 
2B. 

Itwillbeseenthat 
by its conalnictinn 
t swiTel of itaolf, 
irhich con be set and 
held by the thumb- 

serew M any angle -ib. 

to suit the line and give it n proper direction without Jis- 
torting the diagram or ahniiding the line. 
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phut, 4iOrCl«h ...-.,-.,-.... -.-....,.. 6 

^1 atdtfraTsracldnt*. and DUcn. ' Revised lor Cfakr-EnKinCDr 

^L l- W< K'^- IJ- S' N°vy. Niiumnili edIUon, cnlaigcd. 

^HKIXKWOOD (IAS. p.) Rinon on Ihe FllimioR of Rha 
^Vr Wuen for ihc >upDl<i> orcitla, u pnaixi inEvnne, 
B |ude to Ihe Roard of Water CmuoiBCnin of tlie City ot 

IIAKSABEE (C. 5.) CiRber and Secret LeIteT and Te^t- 
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KOBT.E(W.H.) UstfdlTjUjB, PoiAn fom, clo-h w 

NUGRNT (E.) Treaibc on Oplini or, I.IgM spd Sishl.lht" 
rcEioUy and pnclically Iroaicd. with itiv agnliutlDTI 10 
FlhO An vid IndnLriBl IStnuFta. With 1-3 llkiatrflliMU 

I>EIKCE(B,) Syiten d( Analyllc Mcchuilci, 419, claib . .lan 
FLAHB TABLE 'THE}. I» Uki in Tiqxwrnphlcil Siirve''- 

FLATTNEK. Manual of Qna]ltM<VB smi QDanlittillvF An- 
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RANKINE (W. J. M.) A Manual of Machinery and Mill-work. 

Fourth edition. Crowa 8vo. London, 1881 6500 

Civil Engineering:, comprising Engineering Surveys. 

Earthwork, Foundations, Masonry, _ Carpentry, Metal- 
works, Roads, Railways, Canals, Rivers, Water-works, 
Harbors, etc., with numerous tables and illustrations. 
Fourteenth edition, revised by E. F. Bamber, C.E. 8vo. 
London, 1883 650 

Useful Rules and Tables for Architects, Builders, Car- 
penters, Coachbuilders, Engineers, Founders, Mechan- 
ics, Shipbuilders, Surveyors, typefounders, Wheelwrights, 

etc. Sixth edition. Crown 8vo, cloth. London, ibbs 4 co 

and BAMBER (E. F.) A Mechanical Text- Book ; or. 

Introduction to the Study of Mechanics and Engineering. 
8vo, cl th. London, 1875 3 %B 

RICE (Prof. J. M.) and JOHNSON (Prof. W. W.) On a New 
Method ol Obtaining the Differentials of Functions, with 
especial reference to the Newtonian Conception of Rates or 
Velocities. i2mo, paper 50 

ROGERS (Prof. H. D.) The Geology of Pennsylvania. A Gov- 
ernment Survej', with a General view of the Geol(^;y of the 
United States, Essays on the Coal Formation and its Fos- 
sils, and a description of the Coal Fields of Noith America 
and Great Britain. Illustrated with Plates and Engravings 
in the text. 3 vols. 4to, cloth, with Portfolio of Maps 3j 00 

ROEBMNG(J. A) Long and Short Span Railway Bridges. 
Illustrated with laree copperplate engravings of^plans and 
views. Imperial folio, cloth 25 00 

ROSE (JOSHUA, M.E.) The Pattern-Maker's Assistant, cm- 
bracing Lathe Work, Branch Work Core Work,Sweep Work, 
and Practical Gear Constructions, the Preparation and Use 
of Tools, together with a large collection of useful and val- 
uable Tables. Third edition. Illustrated with 250 engrav- 
ings. 8vo, cloth 250 

5ABINE [ROBERT). History and Progress of the Electric Tel- 
egraph, with descriptions of some of the apparatus. Second 
edition, with additions, i2mo, cloth i 25 

■SAELTZER (ALEX J Treatise on Acoustics in connection with 

Ventilation. i2mo, cloth x 00 

SCHUMANN (F.) A Manual of Heating and Ventilation in 
its Practical Application for the use of Engineers and Archi- 
tects, embracing a series ot Tables and Formulae for dimen- 
sions of heatinf, flow and return pipes for steam and hot- 
water boilers, Sues, etc., etc. i2mo. Illustrated. Full 
roan i 50 

- Formulas and Tables for Architects and Engineers in 
calculating the strains and capacity of structures in Iron 
and Wood. X3mO| morocco, tucks 3 ^ 
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■n,''MR,*H<* Vork. -itopn^ 

■ll(X.-K (l.feM-Kfil. W. H ) Siun-Bolkn: IktirDB^ 

('■H^Mrvctkifi, AJid HaMiafemenr. typoftlHn. ISmlrslEd 

■KtINK(W. r) Tli(PMdEii«lM*t. A bvuh; bcMk oT snc 
tjc< in lh« filrrviy, IdCAiioo, And Tnck-trork of K^aivHdfc 
cnmilnlnl • latf* wlkciiuD ofKula uid TaMo, oiitlBlI 
«fbd i«j>cled. ■p^LlcsUc Eo both Ihe SiandVJit and Mutdt 
<;■■!«< aiM pf VH'fd wftlk fpT<lfll rcTcTtnCf la the wuit* of 
Ili« >Ainf Itafmctr. Tliinl cdillcui, lans, noroeas 



AttKT.PH {f, K.) Hont an Eji^eBlnf CflnnmRkm^ Eok- 
bneiM DIkmmIciii of the Prindpla JEnlted, uil Duojp- 
iblH «r lh« HUlvhl ixirtKreJ in Tsnn^H, BrUgk*. 
CwhI u4 K«4 Buikdi^ cic^ «c. lanaiikiE "...■ i p» 

IMREVIt IS. H) ATnMbc on ihe Stnuihor rrrtiLrn i^ . 

HMh. CsggpriUiui Ihe iletnndnalkFii «T Aliibnie «»■»■ 
HoHHrln*, Lniltculir.ud cnhir Tniaci, Im fii^SlS ^ 

Iha UM lOliuleXi aiMl KniilnHn, B7 wiiDd<uI %i«n- 
lloiM, Thltd «Uli». 8Hi,cI<ilh i^ 
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